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MEDICAL SOCIAL ASPECTS IN PRACTICE 
GEORGE R MINOT, MD 

BOSTON 

A consideiable fi action of the successful caie and tieatment of 
patients and, undoubtedly, the pievention of much illness is to be iden- 
tified with the proper consideration of sociologic factors The case 
of every patient who consults a physician has a medical social aspect 
This social component of medicine may vaiy widely m importance, but 
frequently it plays a inajoi lole m diagnosis, piognosis and treatment 
and 111 the prevention of disease and unhappiness Every one is con- 
stantly confronted with social problems which he settles without great 
difficult}'- or to which he soon adjusts himself , but the problems may 
become of medical significance, so that, as Pariy of Bath indicated late 
m the eighteenth century, it is often more impoitant to know what 
kind of a patient has a disease than what disease the patient has Lack 
of thoroughness and imperfect skill aie causes of many errors m the 
prevention, diagnosis and prognosis of disease and in the treatment 
of patients The diagnosis of the person is often neglected when the 
diagnosis of disease is consideied m detail 

The medical social aspects of each case are intertwined intimately 
with the psychiatric, enviionmental, economic, hereditary and allied 
aspects For centuries physicians have recognized the importance of 
such conditions m prescribing wisely for patients , yet seldom are physi- 
cians scholars of this subject This problem is not new James Jackson, 
the second Herseian professor of the theory and practice of psychic 
at Harvard wrote m 1861, when he was 84 yeais old 

Among the sciences, the principles of -which it is necessary for the physician 
to understand is that of human nature, or, otherwise described, the principles of 
the philosophy of the human mind and heart This strictly and properly is a 
branch of human physiology It is, however, a branch which is ordinarily not 
brought into view The mind has mucli to do with the health of the body 

He indicates clearly in his various publications the importance of study- 
ing and applying knowledge conceining all aspects of the patient’s life 
Although the physician m piivate practice has often attempted to 
consider faulty chaiacter, undesirable community life, unwholesome 

Read before the Medical Section of the American Association for the 
Advancement of Science, Boston, Dec 28, 1933 

From the Thorndike Memorial Laboratory, Second and Fourth Medical Ser- 
vices (Harvard), Boston City Hospital, and the Department of Medicine, Harvard 
University Medical School 
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human relations and other aspects of the patient’s self, knowledge con- 
cerning such subjects is not frequently obtained and applied Ceitain 
of the more obvious medical social pioblems are, of course, usually 
considered, for example, financial complications, in advising a sojourn 
in Florida, or religious dietaiy restiictions, in advising food for persons 
of certain faiths Able young physicians soon appreciate that social 
aspects form an important feature of many cases and thus they often 
wish that they knew moie concerning patients as individuals The 
general piactitioner of many )^ears ago acquired this soit of infor- 
mation with ease and utilized it most successfully There is, of course, 
no dispute legaidmg the fact that many physicians with insight and 
ingenuity do attend admiiably to the social aspects of their cases, but 
more organization and diffusion of knowledge concerning medical social 
problems, with the development of intelligent methods of study and 
the acquisition of more leal knowledge, nould be a great step in advance 
The charactei of medical practice toda^q with its division into 
specialties, and the many trends of modern times do not favor the doctor 
becoming intimately acquainted with his patient’s personal life without 
conscious effort, as the physician of one hundred years ago did almost 
automatically Today theie is vastly more sound knowledge concerning 
the influence on health of living conditions and the problems of life, 
but living conditions have become much more complex with industrial- 
ization, urbanization, the results of invention and the development of 
many modern customs leading to haste and often to waste Thus, the 
physician today needs not only to have such knowledge concerning 
social problems as was available to the physician of years ago, but 
he must have much more information of this sort and apply it thoroughly 
The science dealing with the relation between human behavior and 
health is m its infancy, and the progressive physician should attempt 
to advance medical knowledge m this diiection as much as he has 
advanced that concerning organic disease within the past quarter centuiy 
The development of hospital social service, which is now wisely 
teimed medical social work m hospitals, was begun paiticularly because 
of the necessity and desirability of the division of labor among the 
medical and allied staffs of hospitals It became evident that in institu- 
tions lack of time, insufficient training or inability prevented the physician 
from carefully considering the social component of medicine in each 
case Hospital social service has become a potent means for moie 
accurate diagnosis, moie effective treatment and the prevention of suffei- 
ing, but it IS effective directly in relation to the quality of the medical 
work High grade medical work peimits good social work, and vice 
versa It has talren time for some physicians to realize that many failures 
in treatment at hospitals are due, in part, to elements outside the limits 
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of what might be called conventional medical practice, the same is, of 
course, true in private piactice The efforts of medical social workers 
devoting themselves to the study and understanding of social conditions 
and of physicians taking full charge of all aspects of the patient must 
be closely related The physician must lead The social woiker con- 
tributes to the understanding of the personal and environmental factors 
in the health of patients , she may aid m carrying out treatment and 
help m many ways, but the physician must lemain the chief, and the 
social worker must coopeiate closely with his program Intimate rela- 
tions between the various clinics of a hospital are essential The social 
clinic (social seivice department) improves the work of all the clinics 
and should be on the same plane as other clinics Thus, the importance 
of social problems will be fully appreciated, and the patient will 
receive the greatest possible benefit 

The development of medical social work in hospitals during the 
past quarter centuiy has been one important factor in bringing to the 
physician knowledge conceining the social component of medicine It 
has helped to awaken him to the importance of these pioblems, which, 
perhaps, he tended to neglect duiing the era of lapid development of 
scientific medicine The work of psychiatiists, educators and other 
pel sons interested in the problems of human welfare is also responsible 
for a bettei undei standing of the vast vaiiety of medical social problems 
with which the physician is confionted Thus, whereas it was once 
recognized that a phase of medicine piacticed by the good physician 
was lacking in institutional work, and hospital social seivice was devel- 
oped laigely to fill that need, the technic of social workers has become 
so perfected that not only a knowledge of their methods, but also the 
information which they hold, can aid physicians m seeking the social 
history and applying such knowledge in their private practice 

The physician in private practice at present rarely has recourse to 
an expert medical social worker, although he may call on medical special- 
ists, such as the roentgenologist oi the heart specialist, foi aid The 
physician himself must attend to the social aspects of his patient’s case, 
although he may receive help if he knows how to seek it, especially 
from the psychiatrist, clergyman and the schoolmaster Seldom has 
the physician leceived training in the subject, and he must learn for 
himself not only the significance of medical social problems but methods 
of studying them He must become acquainted with community 
resouices He must learn how to teach persons the most beneficial 
way of conducting certain caieers and the business of actual living, 
which is to be distinguished fiom the preliminaries of living, such as 
education and the obtaining of shelter, food and other supplies All such 
matters constantly confront persons foi decisions That art which lies 
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particularly in keeping the peace with those with whom one is thrown 
or with one’s mental and physical environment must be taught m each 
case so as to be suitable for the given person In other words, recog- 
nition must be given to the rhythm of life, not only to the factors that 
affect the ebb and flow, but also to the surging and conflicting currents 
It IS the study of such matters that leads the wise physician to success 
in treatment 

One can still find physicians who take the view that medical social 
work conceins only the poor and friendless They foiget that such 
work IS not concerned with charity or spiritual welfare, as is that 
pel formed by the church The social problems in private practice are 
as numerous and frequent as in hospital practice and are often more 
complex and difficult to coirect This is because the higher the social 
order of the patient, the more complicated the social issues and intricacies 
of life aie apt to become To appreciate this, one only has to think of 
the gi eater complexities arising m the life of a person with servants, 
children m private schools, many friends and multiple social, professional 
and business obligations, as contrasted with the life of a day laborer, 
yet both may be confronted with basically the same medical social 
problems 

REPORT or CASES 

The following three cases, presented in outline, illustrate the 
importance of the social component of medicine m practice The first 
case illustrates the failure of that prescription of great therapeutic 
importance, rest, because of lack of complete understanding of the 
patient, and then illustrates the success obtained with this prescription 
after the social aspects were known and the knowledge was applied 

Case 1 — Mrs A , 44 years of age, the wife of the president of a large industrial 
corporation, had mild atrophic (rheumatoid) arthritis of five years’ duration 
Among other therapeutic measures, rest seemed important She admitted that she 
always felt tired, but insisted that she did nothing to get tired She recognized 
that she had many duties to perform in relation to the care of her two daughters, 
her relatives, the management of her house and suburban estate and charitable 
and social organizations, but she said, “They are pleasant matters to attend to, 
and surely they cannot be the cause of fatigue” Her physician, who had seen her 
only m his office, without any further information about her daily life, the nature 
of her home or her attitude toward people or affairs, said to her, “You must rest 
an hour each morning and afternoon” Time passed, and she was no better 
Another physician called into consultation believed that rest, in the complete sense 
of the word, was essential, and that although the patient had lam down two hours 
a day she had secured little rest He visited her home, he observed its character, 
the patient s behavior and the behavior of the people with whom she came in 
contact daily A few salient facts from among the many obtained were as follows 
The only time the house was quiet enough for her to write personal letters was 
late in the evening Mrs A admitted that she feared that her social prestige 
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would be diminished if her correspondence was not voluminous She often had 
brealcfast with her husband at 7 30 a m , for it was only at breakfast that he 
had time to give her directions about their handsome estate, of which they were 
proud and which they wished to keep in splendid condition Many days in the 
week she gave directions to the gardener and took pains to see that the work was 
properly completed “But,” she said, “I never have time to be thorough about 
these matters , I crave time to read about them, but that would be selfish ” 

Mr A was physically strong and led an intensive business life He often 
brought home business guests for dinner on a moment’s notice, and was anxious 
to entertain socially at frequent intervals He was never tired and did not at 
first understand why his wife should feel fatigued He expected her to supervise 
and help in a meticulous way m many matters of mutual interest and to send 
many telegrams and messages concerning business She was often called to the 
telephone fifteen times a day At the beginning of the day she was apt to hurry 
to complete the household duties and became irritated when there was delay She 
usually had an appointment away from home soon after 9 o’clock Eight commit- 
tees demanded her presence She got along well with the members of all except 
one — ^the one which she considered the most important and which met frequently 
On this committee were the wives of her husband’s business associates and also 
of his competitors As chairman, she could not do what seemed wise for fear of 
causing unpleasant situations which would reflect on her husband’s business 

Her two daughters, aged 18 and 16 years, respectively, caused anxiety The 
elder presented a peculiar behavior problem Mrs A said that she “just failed 
to understand her and the more she tried to help the worse the child behaved ” 
The younger daughter was thin and ate an improper diet largely because she 
“must be slim ” At meals Mrs A always antagonized this child, which, in turn, 
often led Mrs A to have transient emotional outbursts She believed that she 
enjoyed luncheon parties and “knew she simply must attend many of them ” Her 
mother-in-law lived in an annex to the house with her own retinue She was 85 
years of age and had senile dementia Mrs A felt obliged to see her daily, for 
her husband’s sake, and to see that her servants performed their duties properly 

The rests which Mrs A had taken consisted of lying down for a total of 
about two hours a day with the telephone beside her couch, which she answered 
when the bell rang During these “rests” she made memoranda with pencil and 
sometimes talked with people she “had to see ” An endless array of simple prob- 
lems concerning servants, friends, chanties, horticulture and other matters were 
disclosed Mrs A believed that she never could say “No” to requests or invita- 
tions, as that would be selfish, and her husband wanted her to be prominent and 
to accept every opportunity for social contact She recognized that she attended 
to many matters, but believed that she was not capable of completing anything 
worth while 

Conversation with Mr A showed that at heart he was sympathetic He said 
that he had simply never stopped to think “what he was asking of her ” He 
agreed to help arrange matters so that she could obtain true rest, tranquillity with 
relaxation, the minimum of psychic trauma and an opportunity to lead a well 
planned life The physiologic mechanism of chronic fatigue and the influence of 
fatigue and rest on the functions of the body were described so that both Mr and 
Mrs A fully appreciated the reasons for, and the importance of, rest for 
Mrs A This conversation made them cooperative at once They were highly 
intelligent and fundamentally sensible persons Arrangements were made so that 
Mrs A spoke over the telephone only at definite times each day Mr A saw 
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to :t that none of his business matters were handled bj his wife, although he 
made it a point to keep her m as close touch with such affairs as before She 
agreed to resign from certain committees and was easilj persuaded to recognize 
that careful attention to a few matters would be more likely to lead to accomplish- 
ment thaii a duersification of efforts Arrangements were made for certain house- 
hold matters which she had formerly supeniscd to be attended to by a servant 
She w'as instructed to answer practically no invitations verbally, thus making it 
possible for her to reflect and to answer more easily and more often in the nega- 
tive She was taught how^ to start the da> slowly 

She agreed not to discuss the bcha\ior of her daughters with them for eight 
weeks With a phvsician’s assistance, which included advice to kirs A , both 
children soon lmpro^ed, much to the happiness of the famiK These and other 
matters w’ere adjusted to the delight of all members of the familj, w'lth resulting 
improvement in the health of each ^Irs \ then had a calm life, she truly rested 
attempting to sleep one hour each afternoon She W’as taught how to relax all 
the muscles of her bodj and was instructed to practice this sc\eral times each 
da}"- Soon she found that she had time to enjo\ the beautiful garden and realized 
that previously it had been more of a drudgers than a pleasure “Emplo\mcnt is 
nature’s best physician,” Galen wTote, “and essential to hunnn happiness ” Mrs 
A had ample eniplovment, jet learned to carr\ out Iier actuities with much greater 
tranquillity than before She admitted tint she accomplished more in a thorough 
manner under her new' regime Her d.uh life was changed from one of intensity 
and often relatively useless actnitj, with frequent irritabiliU, to one of happiness 
for herself and her family Not only was she impro\cd much in all wa\s, but 
as a result of her improeement her children arc better and her husband is happier, 
indeed, all of them are enjoying life more than before 

The couise of events outlined iiernutted j\Irs A to obtain much 
more rest without lying dowm foi a longer peiiod This w'as accom- 
plished only aftei piolongcd studv of the social factors and aftei many 
convei sations w ith the patient and hci famil> and friends The physician 
must appreciate that m oi dcr to unravel such problems as that presented 
in Mis A’s case, and to succeed in acconiphshing the object desired, a 
large amount of wmik is nccessai\ Treatment consisted of much more 
than simply saying, “Rest ” It necessitated an appreciation of the 
sociologic factors, an undei standing of hci home from inspection and 
the cooperation of hei husband and childicn in particular 

Physicians piobably often neglect to iccogni/e that failuie in treat- 
ment may be due to them rather than to the prescriptions wdiich they 
give the patient Lack of iniagniation and scientific curiosity may often 
be the cause of their failure Unfortunately, physicians sometimes 
indicate that they have no time oi patience to attend to the needs of 
nervous people, that these pioblenis bore them and that such disoiders 
as chronic arthritis aie uninteiesting That attitude is unfoitunate, 
the physician should be deeply interested in his patient or else not 
accept him for care Theiapeutic success depends on treatment cairied 
out thoroughly, intensively and whole-heartedly, wnth attention to all 
the aspects of the case The physician should show^ a deep interest in 
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human beings and m then economic and social structure, as well 
as 111 then physical and psychic state The value and importance of 
such woik as the adjustment of Mrs A ’s life sometimes passes 
uniecogmzed, yet does more dramatic work, such as an extensive surgical 
operation, accomplish more^ 

In evaluating medical social aspects, it is impoitant not to mteipret 
them m teims of what the physician, personally, would do or like, 
01 111 the light of his own life or that of his relatives Happiness can 
exist 111 circumstances that to him may seem iiitoleiable He must 
not be prejudiced, and he must have a wide bieadth of vision There 
IS, pel haps, nothing moie difficult than to decide wisely what is best for 
othei pel sons as concerns the ait, business and pi ehminai les of living 

The pioblem of being beset with the caies of living so that one has 
no time foi life itself is common The present centuiy is one of rest- 
lessness , theie IS a continuous mood of excitement Many people have 
not the least idea why they are m a huriy all day long One may observe 
peisons of the leisuie class lushing through stieets, crowding out of 
trains and the like, as if the most seiious and urgent tasks were awaiting 
them at home They simply yield to the general movement of the 
times This type of problem is one that concerns the medical social 
aspects of many cases as, foi example, the case of Mi Y 

Case 2 — Mr Y, a quick-tempered person with duodenal ulcer, had become 
repeatedly symptom-free after rest in the hospital and a proper diet The factory 
which he supervised had been run satisfactorily Apparently, his affairs were in 
good order, and he appeared happy However, when he was at work the symp- 
toms of duodenal ulcer always returned The social aspects of his case were at 
last investigated His daily life was one of incessant haste, he interviewed certain 
persons repeatedly because he never remembered to complete his object at one 
time, and his methods of work were found to be badly organized — ^papers were 
constantly rmslaid, and he permitted his work to be interrupted unnecessarily 
Furthermore, he attended to matters which he admitted did not concern his job, 
because he used to attend to them years before when he was a foreman in the 
factory, and his tendency was to run slowly, rather than to walk, as he went from 
place to place in the factory He had no hobbies or interests outside of his work, 
and his home was barren of books and pictures Each night he worked on prob- 
lems relating to the factory, never considering his children, and rarely did they 
or his wife do anything together except eat meals, at which business was the chief 
topic of conversation 

It seemed that if this state of affairs could be corrected and if the patient 
could have carefully explained to him the influence of emotions on the digestive 
organs and functions of the body, as has been so well set forth by Cannon, a 
start would be made in the prevention of the recurrence of his symptoms He 
was taught how to banish from life all superfluities and thus was schooled in the 
art of having time The means of escape from his ineffective haste was the 
resolution not to be swept away by the prevailing current of the age, as though 
he could not have a will of his own The habit of systematized work, a preserva- 
tive of physical and intellectual health, together with regular exercise and brief 
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periods of rest, was instituted After a year he was better, but whereas he for- 
merly appeared happy, he now seemed unhappy The character of his life was 
studied further It was learned that for years he had believed that he was not 
wanted in the social community in which he lived because he had “risen from the 
ranks,” while his neighbors had largely inherited considerable money This idea 
was found to be chiefly of his own creation As time passed, he was urged to 
accept the invitations of his neighbors and to join m their social life This was 
accomplished particularly by the physician explaining the situation to two of the 
patient’s friends, who were most helpful Within another year he took time for 
relaxation and exercise with his friends and became much happier At home his 
horizon broadened He continued with the rearrangements regarding his work 
and increased his social activities , coincidentally with this, the symptoms relating 
to the ulcer have been slight for two j'ears Mr Y learned much about the 
art of work, the art of having time and how to fight the battles of life, as the 
result of the assistance which a physician gave him after a careful study of the 
medical social aspects of his case 

The able physician must be aleit for opportunities to practice pre- 
ventive medicine The prevention of unsocial states can lead to an untold 
amount of good The following case illustrates how preventable social 
conditions lead to illness and how impoitant it is for the physician 
to considei the family as a whole when taking care of one member 

Case 3 — It was decided that the patient, a 16 year old girl with incipient 
pulmonary tuberculosis, should be cared for at home She had devoted parents 
with, apparently, a good income and two brothers, aged 12 and 14 years, respec- 
tively Their home was neat and contained choice books, nice pieces of china and 
antique furniture A glassed-in piazza was built for the benefit of the patient 
The two boys were not examined for tuberculosis because, according to their 
mother, “it did not seem necessary” The mother soon found that she had no 
time to give to the younger children Everything was done for the sick girl She 
was given expensive food and every attention The father became anxious and 
attended to intricate details regarding his daughter Soon much conversation about 
expenses arose, a servant was released, the boys heard discussions about economy 
and learned that nothing could be spared from their sister’s needs The father 
took on some extra literary work, cut his rest hours and became fatigued and more 
anxious about finances Both boys began to receive much lower marks at school 
than formerly, the elder lost weight, and both appeared tired The schoolmaster 
brought this state of affairs to the parents’ attention Examination of the boys 
revealed no tuberculosis Another physician was consulted, who confirmed the 
absence of this disease However, he learned that the boys had been anxious about 
their sister for months They had never had the situation explained to them 
and expected her to die They told how they had heard so much about economy 
that they thought that they could help if they went without their mid-mormng 
lunch at school and ate sparingly at home The boys felt that they were neglected 
and longed to have their mother read to them as she had done before their sister 
was sick The parents admitted that they were so wrapped up in their daughter’s 
interests that they had neglected to “even think of their sons” The boys had 
often spent hours at night talking about their sister and wondering how they could 
help They believed that their family had lost so much money that they soon 
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would all be m the almshouse They obviously became unhappy and suffered from 
mental anxiety They even believed that their parents had stopped loving them, 
and yet they strove to think in what way they could help 

The facts were explained to the boys Their sister was recovering rapidly , 
the parents did not have as much money as formerly, but it was extremely unlikely 
that they would be obliged to change their mode of living in a fundamental way 
The mother and father were greatly distressed when they realized how little 
attention they had given their sons and were deeply touched by the motive of 
their thoughts They arranged to give the boys more personal attention and saw 
to it that they had a proper amount of food Soon the whole family was happy , 
the boys gamed weight and again did well in their lessons, and before long their 
sister’s tuberculosis was completely arrested 

The psychology of children is an important and large problem and 
will not be discussed in this article It is a mistake to make mysteries 
of illnesses, it is usually wise to inform all members of the household 
of the facts about a case One may also note that discussions before 
children regarding financial depression, family income and the like 
are apt to be interpreted by them as more serious than the facts demand 
Anxiety over financial problems is, of course, common and can lead to 
many types of medical social problems Even when reduction of the 
budget IS great, a clear appreciation of the facts, with a wise selection 
for expenditure, together with an adjusted view of life, can permit 
happy lives to be led m spite of economic distress 

COMMENT 

The matters which I have discussed seem simple, but it may require 
considerable experience and often much time to obtain medical social 
information and apply it usefully Tact and personality play an 
important role, but an acquaintance with the stream of world thought 
and the actions of human beings, an understanding of “the conflicts of 
principle,” “the meaning of light and wrong” and much other infor- 
mation of this sort are valuable when treating patients whole-heartedly 
and intensively As has been noted, the ancients and the physicians m 
general practice of years ago developed knowledge of the medical social 
aspects of medicine, and medical social workers in recent times have 
been responsible for unfolding and claiifymg such knowledge Today 
there is the problem of how the young physician can obtain modern 
knowledge concerning the social component of medicine This is a 
problem of medical education It is being studied in a few medical 
schools where significant teaching of the subject is undertaken Clinicians 
have the responsibility of teaching the social aspects of medicine The 
need is to permeate the curriculum and to instruct the instructors in 
the subject Time will be required to accomplish this At present in a 
relatively few clinics special exercises illustrating the value and impor- 
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tance of medical social work aie given The generation of physicians 
now in their third decade of life will advance the present knowledge of 
human behavior and of the mti icate effects of social, economic and allied 
disorders on health They will be aided by piofessional medical social 
workers An intelligent appreciation of these pioblems and an under- 
standing of how to coriect unsocial situations not only can save suffer- 
ing, but can lead to the pievention of waste, useless efforts and 
unhappiness 

Many physicians with ability and insight have always attended to 
the medical social aspects of cases more or less well, but the important 
thing to recognize is that careful study and foimulation and extension 
of knowledge m legaid to these matteis is needed, rathei than leaving 
them to haphazard abilities or to individual interests The field is a 
difficult one for reliable scientific study, because it involves all the com- 
plications of human life Even so, physicians will gradually become 
more and more awakened to the increasing importance of social factors 
m medicine and will apply modern knowledge of this sort intuitively, 
not only in the hospital clinic, but also m private practice 



ETIOLOGY OF HODGKIN’S DISEASE 


II SKIN REACTION TO AVIAN AND HUMAN TUBERCULIN PROTEINS 

IN Hodgkin’s disease 
PAUL E STEINER, MD, Ph D f 

CHICAGO 

The etiologic relationship of Hodgkin’s disease ( lymph ogianulo- 
matosis) and tubeiculosis remains unceitam Most of the investigations 
designed to solve this piohlem have been the experimental injection of 
diseased tissues into animals or cultuial studies Injections of "pure” 
Hodgkin’s tissues do not legularly produce tuberculosis in animals, and 
cultures of the same tissues only occasionally yield a growth of acid-fast 
bacilli The reports of L’Esperance ^ claiming that tissues histologically 
typical of Hodgkin’s disease produced tuberculosis m chickens — an 
animal species not previously used for this purpose — gave a new impetus 
to such studies Utz and Keatinge - stated that they had confirmatory 
evidence Van Rooyen,^ Garrod,^ Stewart,® Wallhauser ® and I failed 
to confirm the findings of L’Esperance 

Numerous eaily investigators of Hodgkin’s disease performed tuber- 
culin tests on some of their patients in an effort to obtain information 
on the relationship of the two diseases As early as 1902 Reed ® 

From the Department of Pathology, the University of Chicago 

t Fellow in Medicine of the National Research Council 
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observed that the tubeiculin tests performed on five of her eight patients 
with Hodgkin’s disease were negative Simmons,'’ Steiger,^® Corbeille,’-^ 
Freer,''- Bastai and others observed that most of their patients gave 
negative reactions to tubeicuhn cutaneous tests This has been used as 
evidence that Hodgkin’s disease is etiologically unrelated to the tubercle 
bacillus 

The reports of L’Esperance suggested the possibility that a compari- 
son of the cutaneous reactions to human and avian tuberculins might give 
valuable information as to the etiologic role of the avian tubercle bacillus 
in Hodgkin’s disease L’Esperance leported the lesults of such tests 
performed on twelve patients with various lymphadenopathies Seven 
of these gave positive reactions with avian tubeicuhn Only foui of the 
seven had lesions histologically chaiacteiisic of Hodgkin’s disease, so 
she was not impressed with the specificity of the i eaction 

Parker and his co-woikers also compared the cutaneous reactions 
to human and avian tuberculins m a large series of cases of different 
lymphadenopathies They reported fewer positive reactions in patients 
with diseases of the lymphoid and myeloid tissues and uith malignant 
disease than in noimal persons and tuberculous patients They also 
found more positive leactions to the avian tuberculin than to the human 
except in the normal group 

As part of a more extensive investigation begun during 1931 on the 
etiology of Hodgkin’s disease, a comparison of the cutaneous reactions 
to old tuberculin derived from human and avian strains was made on 
these patients Latei the highly purified tuberculin proteins (avian and 
human) prepaied by Seibeit'“ were made available by her for these 
tests, and were used throughout the remamdei of the investigation With 
these prepaiations quantitative tests of sensitization can be performed 

9 Simmons, C C , Hodgkin’s Disease, A Pathological Analysis of Nine 
Cases, J M Research 9 378, 1903 

10 Steiger, O Klinik und Pathologic der Lymphogranulomatosis (Paltauf- 
Sternberg) Beobachtungen und experimentelle Studien bei 9 Fallen von malignem 
Granulom, Ztschr f klin Med 79 452, 1915 

11 Corbeille, C Hodgkin’s Disease in Children, Minnesota Med 11 678 
(Oct) 1928 

12 Freer, W Lymphogranulom bei Kindern, Jahrb f Kinderh 123 145 
(March) 1929 

13 Bastai, P Ueber die klinische Bedeutung der Tuberkulin Anergie bei 
malignem Lymphogranulom, Klin Wchnschr 7 1606 (Aug 19) 1928 

14 Parker, F , Jackson, H , Fitz-Hugh, G , and Spies, T Studies of Dis- 
eases of the Lymphoid and Myeloid Tissues IV Skin Reactions to Human and 
Avian Tuberculin, J Immunol 22 277 (April) 1932 

15 Seibert, F B , and Munday, B The Chemical Composition of the Active 
Principle of Tuberculin XV A Precipitated Purified Tuberculin Protein Suit- 
able for the Preparation of a Standard Tuberculin, Am Rev Tuberc 25’ 724 
(June) 1932 
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The factor of variability of the potency and antigenicity of the test 
material according to the strain of organism or method of preparation 
used IS eliminated In this article the results of cutaneous tests per- 
formed on most of the patients m the cases reported m a previous com- 
munication, as well as on many others, are given 

EXPERIMENTAL WORK 

Cutaneous tests with tuberculin protein (Seibert) performed on 
thirty-five patients with Hodgkin’s disease, eleven with leukemia, three 
with lymphosarcoma, six with carcinoma, nine with tuberculous adenitis 
and nine with nonspecific adenitis form the basis of this report In each 
case — except m some with leukemia — the diagnosis was made by histo- 
logic examination of diseased tissue of a lymph node by one or more 
disinterested, experienced pathologists 

The tuberculin proteins were given mti acutaneously in test doses of 
0 1 cc and the lesult observed m forty-eight hours The first doses 
were 0 0001 mg of the proteins If there were no reactions to these 
doses second injections weie given, consisting of 0 001 mg If at the 
end of another forty-eight houis this produced no reaction, third tests 
using 0 01 mg were made By these tests it was planned to titrate the 
upper limit of sensitivity of the patients as indicated by the smallest 
amount of the tuberculin pr;otem to which they would give a positive 
cutaneous reaction Aftei it became apparent that patients with 
Hodgkin’s disease were never veiy sensitive to the protein, the smallest 
doses were omitted There was no cause for regretting this because of 
any excessive reactions in subsequent patients 

This same antigen has been used m ovei two thousand persons — 
children and adults — in comparative tests with old tuberculin by 
Dr Grace Hiller She observed that the human tuberculin protein 
used 111 test doses similar to those reported in this article gave results 
similar to those obtained by the use of old tuberculin m comparative 
amounts Occasionally the response to the tuberculin protein was 
greater than to old tuberculin, but the leverse also occurred 

The smallest amount used in these tests, 0 0001 mg of the tuberculin 
protein, is approximately equivalent to 0 1 cc of a 1 10,000 dilution of 
old tuberculin Similarly 0 001 mg of tubeiculm protein is approxi- 
mately equivalent to a 1 1,000 dilution of old tuberculin and 0 01 mg of 
tuberculin protein to a 1 100 dilution of old tuberculin 

The results aie given m the accompanying table No case was 
observed in any group m which a positive reaction to the avian and a 
negative reaction to the human tuberculin piotem occurred In prac- 
tically every group cases were seen m which there were reactions to the 


16 Hiller, Grace Personal communication to the author 
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human protein and no reaction whatever to the avian protein Greater 
reactions to the avian tuberculin protein than to the human protein 
occurred in a few cases in several groups, but this was a less frequent 
finding than the reverse (i e, a gi eater reaction with the human than 
with the avian protein) 

A wholly unexpected observation was made Early m the study the 
comparative absence of cutaneous reactions in the group with Hodgkin’s 
disease as conti asted with the control cases was observed It is true that 
the control groups weie much smallei and that accurate deductions are 
impossible But this trend was definite, and persisted throughout the 
experiments In no instance was a positive cutaneous reaction to 
0 0001 mg of the pi oteins observed in a patient with Hodgkin’s disease 
Few tests were performed with this, the smallest dose, because with the 
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next larger dose of 0 001 mg only six patients of thirty-three gave a 
reaction In each of these six the reactions were very slight, so that a 
smaller test dose was not lequired to titrate the extent of the sensitivity 
This IS a large test dose for adults However, when an even larger dose 
was used, namely, 0 01 mg of the protein, twenty of twenty-eight 
patients tested failed to show sensitization For adults this is an 
extremely large dose, and the failure of so many of the patients with 
Hodgkin’s disease to react positively shows their extreme lack of sensiti- 
zation In the groups of cases other than Hodgkin’s disease only a few 
patients were given this test dose because most of them had shown a 
reaction with smaller doses 

The statistical data fail to reveal seveial important observations 
Although the reactions to the avian protein are occasionally charted as 
greater than those to the human protein, this difference was never very 
marked On the othei hand, there was occasionally a reaction to the 
human tuberculin-protein with an absence of reaction to the avian 
preparation 
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The chait also fails to indicate the size of the leaction In the patients 
with Hodgkin’s disease who were sensitive to the test dose, the 
leaction was nevei laige, and if the next larger test dose was given the 
response was not much greater This behavior is unlike that of the sen- 
sitizations m most of the othei groups A patient with tubeiculous 
adenitis who was bai ely sensitive to a certain test dose, if given the next 
larger dose, usually responded with a much greater reaction, even a 
maximal one with central neciosis 

In one case a “delayed i eaction” was seen in a patient with Hodgkin’s 
disease Theie was no reaction to the first tests with 0 001 mg when 
obseived at foity-eight hours, so the largest dose of 0 01 mg was then 
given To this theie was only a slight erythematous reaction m foity- 
eight hours Three days later, however, a maiked reaction was present 
at the sites of both tests No similar i eaction occurred m the other 
groups 

Repeated tests at intervals up to eight months were performed on 
some patients Tests were also pei formed on a few patients before and 
after a series of roentgen treatments No instance was noted m which 
a positive leaction occurred in a patient who had previously been insen- 
sitive Neithei did I see a reaction previously positive become negative. 

COMMENT 

It is generally recognized that if a large series of adults are given 
tuberculin tests with graded test doses, the largest of which is com- 
parable m size to those used in the tests described, most of them give a 
positive reaction This indicates sensitization to the tubercle bacillus oi 
its products The failure of patients with Hodgkin’s disease to show 
this “normal” positive reaction can theoretically be explained m either 
of two ways One possibility is that patients who acquire Hodgkin’s 
disease are desensitized by the disease If this is the correct explanation, 
this is the only chronic nontuberculous disease recognized at present that 
so regularly desensitizes its victims early while they are still m excellent 
general condition (certain tuberculous diseases of the skin aie accom- 
panied by an absence of cutaneous reaction to tuberculin The 
other possibility is that Hodgkin’s disease occurs mainly m that small 
group of people m whom the “normal” adult sensitivity to tuberculin 
fails to develop To prove this hypothesis it would be necessary to fol- 
low a large group of children to adult life with frequdtit tubeiculm tests 
and observe whether Hodgkin’s disease appeared only among those m 
whom a positive reaction never developed In one patient m this series 

17 Sulzberger, M B Sarcoid of Boeck (Benign Miliary Lupoid) and" 
Tuberculin Anergy, Am Rev Tuberc 2S 734, 1933 



16 


ARCHIVES OF INTERNAL MEDICINE 


lesions of tuberculosis and of Hodgkin’s disease were found in the same 
section of an excised lymph node The patient was insensitive to tuber- 
culin protein 

Regardless of which explanation is the correct one, it is difficult to 
conceive of this phenomenon occurring so regulaily in a disease abso- 
lutely unrelated to tuberculosis It cannot be attiibuted to the general 
condition of the patients because on the whole this was comparable in all 
groups This failure of reaction was so marked that it was of value as 
presumptive evidence in diagnosis It was of definite value in excluding 
tuberculous adenitis It is offered as a valuable diagnostic piocedure m 
the small group of patients who refuse biopsy and in whom it is 
advisable to exclude the possibility of active tubeiculous adenitis before 
beginning treatment with large doses of roentgen rays 

The presence of a cutaneous reaction to the avian piotein, found 
occasionally in each of the groups, must be explained The experiments 
of Dolgopol help explain this situation She found that the presence 
of a positive reaction to avian tuberculin observed m many cases of pul- 
monary tuberculosis did not indicate an active or latent mixed infection 
of human and avian tubercle bacilli She considered the positive reac- 
tions to avian tuberculin as a group reaction caused by sensitization with 
the mammalian types of tubercle bacilli She stated that an infection by 
avian tubercle bacilli might be assumed to exist when the reaction to 
avian tuberculin was positive while the leaction to other tuberculins ^\as 
negative or consideiably weaker The last two conditions were not seen 
during the experiments reported in this papei 

The results obtained with the tuberculin protein differ from those 
reported by Paiker and his co-woikers, which they obtained with old 
tuberculin The results agree in that fewer positive reactions were 
found in patients with diseases of the lymphoid and myeloid tissues, 
including Hodgkin’s disease, and with carcinoma than in tuberculous 
patients They differ from Paikei’s results in that in this series (1) 
fewer positive reactions were found in Hodgkin’s disease than m the 
other lymphomas and carcinomas as well as in tuberculosis, and (2) 
there were fewer positive reactions to avian tuberculin protein than to 
the human protein This discrepancy is probably due to the difference 
in antigenic capacity of the test solutions used 

SUMMARY 

Tuberculin protein (Seibert) was used in performing mtiacutaneous 
skin tests on thirty-five patients with Hodgkin’s disease (lympho- 
granulomatosis) and on thirty-eight controls with a variety of lymphoma 

18 Dolgopol, V B The Specificity of Avian Tuberculin Reactions, J Infect 
Dis 49 216 (Sept) 1931 
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Tuberculin proteins prepared from both avian and human strains weic 
used in comparative tests for the purpose of obtaining information on 
the possible etiologic role of the avian tubercle bacillus m Hodgkin's 
disease 

No evidence of specific sensitization to the avian tubeicuhn protein 
was obtained m these tests A marked desensitization (or absence of 
sensitization) was found to both proteins m the cases of Hodgkin s 
disease This lelative absence of “noimal adult sensitization” was of 
diagnostic value, especially in the diffeiential diagnosis of tuberculous 
adenitis The incidence of absence of sensitization was greatei in the 
group with Hodgkin’s disease than in the gioups of other lymphomas, 
which admittedly were small 

The mtei pretation was made either that (1) the process of 
Hodgkin’s disease desensitizes its victims to these tuberculin piotems or 
that (2) Hodgkin’s disease usually occurs in persons m whom develop- 
ment of the normal sensitization to the tuberculin protein is impossible 

It is difficult to conceive of either of these phenomena as occurring 
in a disease absolutely unrelated to tuberculosis 
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In a recent article, we ^ reported a case of malnutritional edema 
which exhibited a unique clinical syndrome and a degenerative lesion 
of the suprarenal glands at autopsy The outstanding clinical features 
of the syndrome were extreme emaciation with complete loss of body 
fat, asthenia, anorexia, polyneuritis, trophic ulcers, a high level of non- 
protem nitrogen in the blood, absence of pigmentation and hypotension 
It was suggested that the syndrome was that of chronic suprarenal 
insufficiency, analogous to the similar state in animals produced by 
bilateral supi arenalectomy 

That chronic suprarenal insufficiency is not a rare condition is shown 
by the fact that we are now able to report three additional cases, two 
of which have come to autopsy Interest has also been aroused in 
another aspect of the syndrome One of us (M P ) has called atten- 
tion to the resemblance m the later stages between pellagra and chronic 
supraienal insufficiency* Recently Thannhauser ® reported three cases 
of pellagra, in one of which an autopsy was perfoimcd by Aschoff^ 
Aside from the disappearance of the body fat and atrophy of the internal 
organs, the only significant lesion found was marked atrophy of the 
suprarenal cortex 

REPORT or CASES 

Case 1 — G S , an Italian, aged 53, was admitted to the Gouverneur Hospital 
on Dec 11, 1932 The history, obtained through relatives, was that two months 
before admission he had eaten a condemned chicken and had since become pro- 
gressively weaker He had complained of anorexia and pains in the right thigh 
and in the costolumbar region 

Physical examination revealed a markedly cachectic, irrational, middle-aged 
man Both lower extremities and the sacrum were moderately edematous There 

1 Packard, M , and Wechsler, H F Chronic Adrenal Insufficiencv, Am J 
M Sc 186 66, 1933 

2 Packard, M Discussion at Symposium on the Suprarenal Glands before 
the Section of Medicine, New York Academy of Medicine, Jan 17, 1933 

3 Thannhauser, S J Pellagra und Endocrine Storungen, Munchen med 
Wchnschr 80 291, 1933 

4 Aschoff, L Pathologische-anatomische Bemerkungen zu dem voraus- 
gehenden Aufsatz, Munchen med Wchnschr 80 296, 1933 
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was no pigmentation of the skin or visible mucous membranes A prolonged 
Sergent white line was elicited The pupils were dilated but reacted to light 
There was bilateral ptosis of the eyelids The fundi were normal The breath 
was foul, the tongue was slightly coated and tremulous, and the teeth were carious 

The lungs weie normal The apex beat of the heart was m the fourth inter- 
space, 7 cm from the midsternal line The sounds were of poor quality, but no 
murmurs were audible The pulses were equal, regular and soft, and the pulse 
rate was 80 The blood pressure was 110 systolic and 70 diastolic The abdomen 
was normal 

Quadnparesis, more marked in the lower extremities, was demonstrable All 
the deep reflexes were absent with the exception of the finger jerks and the left 
knee jerk The left abdominal reflex could not be elicited The plantar reflexes 
were normal 

Laboi atoi y Examination — The blood count revealed red cells, 4,750,000, hemo- 
globin, 66 per cent (Sahli) , white blood cells, 5,000, neutrophils, 66 per cent, 
lymphocytes, 30 per cent, and mononuclears, 4 per cent The urine had a specific 
gravity of 1 020, gave an acid reaction and showed no sugar but a trace of 
albumin, a few leukocytes and an occasional red blood cell After sodium thio- 
sulphate was administered intravenously the urine contained 0 005 mg of arsenic 
and traces of lead The Wassermann reaction of the blood was negative The 
cerebrospinal fluid was clear and under normal pressure It contained no globulin 
•or sugar, and there were 16 cells per cubic millimeter The Wassermann reaction 
and the colloidal gold tests were negative Chemical examination of the blood 
plasma showed nonprotein nitrogen, 38 mg , and sugar, 100 mg 

Cowse — The course was progressively and rapidly downward The loss of 
subcutaneous fat became more pronounced, but the skin retained its elasticity A 
large bedsore quickly developed on the right buttock The patient remained irra- 
tional and became very tremulous, involuntary athetoid movements in the upper 
extremities appeared Five days after admission, signs of bronchopneumonia were 
evident, and the temperature rose steadily, reaching 106 6 F at the time of death 
on the seventh day 

Autopsy — The anatomic findings were cachexia with extreme loss of adipose 
tissue and atrophy of the internal organs , decubitus ulcer on the right buttock , 
chronic adhesive pleuritis , bronchopneumonia , dilatation of the right side of the 
heart, chronic perihepatitis and perisplenitis, congestion of the liver, chronic 
splenitis , petechial hemorrhages of the mesentery , idiopathic atrophy of the right 
suprarenal gland, and hypertrophy and degeneration of the left suprarenal gland 

The only vestige of the right suprarenal gland was a small piece of dark brown 
tissue, 8 mm m length Histologic study of the sections revealed a thick capsule 
of fibrous tissue enclosing an extremely narrowed and distorted cortex The 
cortex consisted for the most part of islands of greatly altered cortical cells sepa- 
rated by thick bands of hyaline fibrous tissue Occasionally isolated cortical cells 
were found Most of the cells were large with poorly staining, vacuolated cyto- 
plasm and deeply staining, irregular nuclei Other cells were deeply pigmented, 
and exhibited varying stages of necrosis Between the cortical islands, and occa- 
sionally between the individual cells, were numerous lymphocytes and an occasional 
plasma cell The medulla, although greatly reduced in size, was apparently normal 

The left suprarenal gland was enlarged, weighing 12 8 Gm , and on section had 
a grayish, homogeneous appearance Microscopically the cortex was the seat of 
moderately advanced vacuolar degeneration, most marked in the inner layer of 
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the zona fasciculata and m the zona reticulata The cortical cells in these areas 
were hyperplastic, and the cytoplasm was vacuolated Necrosis was slight The 
stroma was edematous and congested, contained a few small hemorrhages, and 
was scantily infiltrated with round cells In the zona reticulata capillary and small 
venous thromboses were present The medulla showed no changes 

Comment — The diagnosis of malnutntional edema is complicated in 
this case by the possibility of some form of poisoning However, the 
absence of gastro-mtestmal and renal symptoms, the negative obser- 
vations with regard to these organs at autopsy and the quantitative 
analysis of the urine foi heavy metals make this seem unlikely The 
clinical syndrome is practically the exact counterpart of the case of 
chronic suprarenal insufficiency previously reported The shorter course 
of the illness explains the fact that although the body fat was tre- 
mendously reduced, it had not entirely disappeared The suprarenal 
lesion not only is of interest but probably accounts for the shorter 
duration of the disease The pathologic changes in the right supra- 
renal gland are typical of those described in idiopathic suprarenal 
atrophy, the condition was obviously an old process The cause of 
idiopathic supiarenal atrophy is unknown, when bilateial, it is usually 
accompanied by the symptoms of Addison’s disease The degenerative 
changes in the left suprarenal gland are similar to but less marked than 
those 111 our first case of malnutntional edema As there was but one 
adequately functioning suprarenal gland, a moderate degeneration of this 
gland produced the syndrome of chronic suprarenal insufficiency 

Case 2 — F S , an Austrian, aged 68, was admitted to the hospital on Maj' 26, 
1933, complaining of dyspnea, anorexia and pain in the right side of the chest In 
1925, after repair of a bilateral inguinal hernia, a cough de\ eloped Roentgeno- 
grams of the chest, taken at that time, showed an enlarged heart and healed tuber- 
culous lesions at both apexes Since the operation the patient had suffered from 
constricting pains in the chest on exertion For the past year he had had severe 
pains and stiffness in the joints of both hands, which had been treated with injec- 
tions and by extraction of the teeth For the past six weeks he had complained 
of increasing dyspnea on exertion and of occasional shooting pains in the right 
side of the chest These pains were now continuous, and radiated down to the 
costal margin and around to the back The loss of appetite was marked, and 
constipation was present A frequent cough, productive of thick, whitish sputum, 
had developed recently Nocturia was present 

Physical examination revealed a markedly undernourished, dyspneic, cyanotic, 
elderly man In spite of emaciation the skin retained its elasticity There was 
no pigmentation, and Sergent’s white line was prolonged 

The pupils were equal and reacted to light and in accommodation The eye- 
grounds showed moderate angiosclerosis The tongue was coated, and the pharynx 
was slightly reddened All the teeth were absent except two lower canines sup- 
porting a plate 

There was dulness to flatness over the entire lower right side of the chest, with 
absence of fremitus and breath sounds over this area Slightly increased breath 
sounds and occasional moist rales were present above the area of dulness The 
left side of the chest was hyperresonant 
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The borders of the heart could not be determined accurately The first sound 
at the apex was distant, of poor quality and totally irregular A soft systolic 
murmur was audible over the aortic area which became intensified over the upper 
end of the sternum and m the neck The pulses were equal and totally irregular, 
with a rate of 72, and the radial walls were thickened There was no pulse deficit 
The blood pressure was 140 systolic and 55 diastolic 

The abdomen was soft and showed the old hernial incisions The liver was 
palpable two fingerbreadths below the costal arch The lower pole of the right 
kidney was palpable The right scrotal sac was filled with fluid There were a 
few external tabs about the anus The prostate gland was not enlarged, and no 
masses were felt 

Marked clubbing of the fingers and atrophic arthritic changes in the metacarpo- 
phalangeal and the proximal interphalangeal joints were present There was no 
edema 

Laboiatojy Examination — The blood count showed red cells, 4,740,000, hemo- 
globin, 80 per cent , white cells, 12,800 , neutrophils, 84 per cent , lymphocytes, 14 
per cent, and eosinophils, 2 per cent Examination of the urine revealed albumin, 
2 plus, and occasional hyaline and granular casts The Wassermann reaction of 
the blood was negative Chemical examination of the blood plasma showed urea 
nitrogen, 15 6 mg , and sugar, 74 mg Tests of the sputum were repeatedly nega- 
tive for tubercle bacilli 

An electrocardiogram showed auricular fibrillation and diffuse myocardial 
degeneration 

Roentgenograms of the chest revealed a thickened pleura and an effusion at 
the base on the right side and an enlarged heart After the removal of the fluid 
and artificial pneumothorax the lower lobe of the right lung was collapsed, at 
the tip was a nodular elevation which suggested a malignant process Proctoscopy 
and a barium sulphate clysma gave negative results 

The fluid removed from the effusion was straw-colored, and contained 1,810 
white blood cells per cubic millimeter, with 20 per cent neutrophils and 80 per cent 
lymphocytes The fluid was sterile on culture, and revealed no tumor cells 

Cow sc — The patient suffered from extreme anorexia and asthenia, which were 
not improved by the administration of insulin and dextrose The emaciation was 
progressive, and the loss of body fat was complete A large bedsore developed 
over the sacrum He complained of pains in the arms and legs, and the muscles 
and nerves of the extremities were extremely tender The superficial and deep 
reflexes progressively diminished and finally disappeared He became increasingly 
apathetic and tremulous The blood pressure was stationary, and the signs m the 
chest were unaltered except for an increase in the effusion On July 12, the urea 
nitrogen was 32 mg The course was afebrile with the exception of two days m 
June, when, owing to impacted feces, there was a moderate fever On July 5, the 
temperature rose to 102 F, and the fever continued irregularly to July 23, when 
the patient died The temperature on the day of death was 99 F He was irra- 
tional during the last week of the illness 

Autopsy — The anatomic diagnosis was decubitus ulcer of the sacrum, chronic 
adhesive pleuritis , hydrothorax on the right side , scirrhous adenocarcinoma of the 
right hyparterial bronchus with stenosis of the lumen, suppurative bronchopneu- 
monia and chronic interstitial pneumonitis of the lower lobe of the right lung, 
emphysema of the left lung, healed apical tuberculosis, dilatation of the right side 
of the heart, advanced atherosclerosis of the aorta and coronary arteries, organ- 
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ized thromboses of the descending branch of the left coronary and of the right 
circumflex arteries, chronic myocardosis, a healed infarction of the lower two 
thirds of the left ventricle and the interventricular septum, with an early aneu- 
rysmal formation , chronic passive congestion and parenchymatous and fatty 
degeneration of the liver , chronic perisplenitis , acute and chronic splenitis , arterio- 
sclerotic nephritis, prostatic hypertrophy, and carcinomatous metastases to both 
suprarenal glands, the paravertebral lymph nodes and the right kidney 

The right suprarenal gland was enlarged to about the size of a woman’s fist 
On section it was entirely replaced by grayish-pink, homogeneous tumor tissue 
except for a thin rim in one area m which suprarenal tissue was still recognizable 
The left suprarenal gland was somewhat larger and firmer than normal, and on 
section a nodule of tumor tissue was found at one pole Microscopic examination 
of the right suprarenal gland showed the tumor to be an adenocarcinoma of the 
same structure as the carcinoma of the bronchus Only a narrow rim of degener- 
ating and necrotic suprarenal tissue remained The left suprarenal gland exhibited, 
besides the tumor metastasis, marked vacuolar degeneration of the cortical cells 
and numerous small hemorrhages in the zona fasciculata 

Comment — The case exhibits all the classic featuies of chronic 
supiarenal insufficiency There was no pigmentation, and the blood 
pressure was stationary throughout the illness, in spite of an old 
coronary occlusion and advanced myocardosis The bronchial caicmoma 
was productive of many of the symptoms and m all piobalnhty played 
a role in the cachexia, but it could not conceivably produce the syndrome 
which IS so exactly the counterpart of that occasioned by malnutrition 
Millei and Jones,® in a review of eight hundred and eight cases of 
carcinoma of the lung, found metastases to the suprarenal glands in 
9 7 per cent of the cases The complete replacement of one supraienal 
gland and the partial involvement of the other by metastases furnish 
an adequate pathologic basis for the clinical picture 

Case 3 — B, a Jewish woman, aged 39, came under observation on Aug 23, 
1933 Her chief complaints were weakness and loss of weight Nine years before, 
she began to suffer from “gas pains” and periodic attacks of nausea and vomiting 
The vomitus would consist at first of food eaten and then of bile Blood was 
never present Roentgenograms of the gastro-intestmal tract were negative, and 
a diagnosis of gastric neurosis was made by several clinicians The patient was 
placed on a restricted diet, especially m regard to vegetables, which the patient 
further reduced of her own accord During the past year, she had had marked 
anorexia and four or five loose bowel movements daily without evident steator- 
rhea, and had lost 52 pounds (23 6 Kg ) Her weight at the commencement of 
the illness was 150 pounds (68 Kg ) She complained of extreme exhaustion and 
pain, stiffness, weakness and loss of power in all the extremities Her former 
jovial disposition had changed to one of anxiety and apprehension, and she felt 
constantly depressed Sexual desire was completely absent, and amenorrhea had 
been present for the past three months A son had been asthmatic since birth, and 
was allergic to a number of foods 


5 Miller, J A , and Jones, O R Primary Carcinoma of the Lung, Am Rev 
Tuberc 21 1, 1930 
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Physical examination revealed a short, thin woman, who looked chronically ill 
There was a complete loss of subcutaneous fat The height was 59 inches (150 cm ) 
and the weight 72 pounds (32 7 Kg ) Freckles were present on the face, arms, 
abdomen and legs There was no pigmentation of the visible mucous membranes 
Sergent’s white line was present The pupils were equal and regular and reacted 
to light and in accommodation The thyroid gland was not palpable The lungs 
were clear, and the heart was normal The pulse was regular and soft with a 
rate of 68 The blood pressure was 78 systolic and 60 diastolic There were no 
pathologic findings m the abdomen, but costovertebral tenderness was elicited 
The knee jerks were sluggish, but there were n6 abnormal reflexes Several anes- 
thetic areas could be mapped out on the legs 

Laboiafoiy Examination — The blood count revealed red cells, 4,400,000, hemo- 
globin, 85 per cent, and white cells, 9,000, normal differential count The urine 
was essentially normal Chemical examination of the blood plasma showed urea 
nitrogen, 32 mg , sugar, 112 mg, and creatinine, 1 mg The Wassermann reaction 
of the blood was negative The basal metabolic rate was minus 5 per cent 
According to a test meal Ewald’s technic showed moderate subacidity Roent- 
genograms of the chest showed no signs of tuberculosis 

The patient is receiving treatment, which includes injections of a proprietary 
preparation of the cortical hormone three times a week and a diet high in vitamin 
B In the short time she has been under observation, the patient has made con- 
siderable progress She has gained 8 pounds (3 6 Kg ) , and the blood pressure is 
now 100 systolic and 75 diastolic 

Comment — This case could be classified as atypical Addison’s dis- 
ease However, the complete loss of subcutaneous fat, the polyneuritis, 
the absence of pigmentation and tuberculosis and the history of mal- 
nutrition have led us to include it under the syndrome of chronic supra- 
renal insufficiency The hypotension is difficult to explain except that 
this was our only case m a woman and, in all probability, m a hypo- 
tensive person The encouraging response to treatment with extracts 
of the supraienal cortex is of interest 

GENERAL COMMENT 

Etiology — Three of the patients were men and one a woman The 
respective ages were 50, 53, 68 and 39 years Malnutrition was the 
apparent etiologic factor m three As the hypertrophy and degeneiation 
of the suprarenal glands m inanition and the various vitamin deficiencies 
have been commented on elsewhere, they need not be reviewed here 
In one case the supraienal glands were involved by a metastatic 
caicinoma Addison® lecognized three causes of the disease which 
bears his name tuberculosis, atroph)'- and carcinoma Four of his eleven 
patients with the disease had malignant growths of the suprarenal 
glands The clinical repoits, however, are incomplete or lacking, and 

6 Addison, T A Collection of the Published Writings of the late Thomas 
Addison, London, The New Sydenham Society, 1868 
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Wilks ’’ rejected these cases as true examples of the disease Since 
that time the question as to whether carcinoma can cause the disease 
has been m dispute The evidence against this assumption has been 
steadily accumulating with the advance in clinical and pathologic knowl- 
edge In the older compilations of reported cases, such as Lewin’s,® 
a few are listed in this classification The clinical and pathologic 
descriptions of these cases, however, are not convincing Some cannot 
be considered as true Addison’s disease, according to modern criteria, 
while in others the actual presence of a malignant tumor is doubtful 
In all the recent large collections of reports of Addison’s disease, verified 
by necropsy, such as those of Conybeare and Milhs “ and Rowntree and 
Snell,’^° carcinoma has not been found in a single instance Addison ® 
was aware of the fact that malignant disease might exist in and 
partially or completely destroy both capsules without the appearance 
of pigmentation The literature contains reports of many such cases 
Rowntree and Snell stated that in seventy cases in which one or both 
glands were cai cmomatous the clinical picture was not typical of 
Addison’s disease It is interesting to conjecture how many of these 
would fit into the syndiome of chronic supiaienal insufficiency Addi- 
tional evidence that a malignant process can produce such a clinical 
picture IS furnished by the primary tumors of the suprarenal cortex 
In contrast to the usual obesity, cases are occasionally encountered in 
which extreme emaciation and loss of practically all the fat are seen 
It would seem that this is due to destruction of the suprarenal tissue, 
as the other symptoms of suprarenal hyperactivity aie not so pronounced 
or are absent altogether 

Pathology — There were two significant findings at autopsy an 
extreme to complete loss of body fat, accompanied by atrophy of the 
internal organs and a suprarenal lesion The loss of fat was striking, 
involving not only the panniculus adiposus but also the internal fat 
depots In the cases associated with malnutrition the suprarenal lesion 
was one of hypertrophy and degeneration The latter change was 
evidenced by vacuolar degeneration of the cortical cells, with areas of 
necrosis and regeneration, and hyperemia, edema, hemorrhages and 

7 Wilks, S On Disease of the Suprarenal Capsules, or Morbus Addisonn, 
Guy’s Hosp Rep 1 63, 1862 

8 Lewin, G Ueber Morbus Addisonn, Charite-Ann 17 536, 1891 

9 Conybear, J J , and Millis, G C Observations on Twenty-nine Cases 
of Addison’s Disease Treated in Guy’s Hospital Between 1904 and 1923, Guy’s 
Hosp Rep 74i 369, 1924 

10 Rowntree, L G , and Snell, AM A Clinical Study of Addison’s Disease, 
Philadelphia, W B Saunders Company, 1931 

11 Cecil, H L Hypertension, Obesity, Virilism and Pseudohermaphroditism 
as Caused by Suprarenal Tumors, JAMA 100 463 (Feb 18) 1933 
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capillary and venous thromboses of the interstitial tissue What may 
have served as a contributory factor in one of the cases was the prac- 
tically complete destruction of the right suprarenal capsule by idiopathic 
suprarenal atrophy 

Chnical Considei ahons — ^The early symptoms of the disease are 
profound anorexia, marked weakness, apathy and progressive loss in 
weight There is no pigmentation of the skin or visible mucous mem- 
branes A prolonged Sergent white line can be elicited The wasting 
IS extreme, and can continue until there is a complete loss of the body 
fat, the skin, however, retains its elasticity The aversion to food is 
continuous and is not limited to any particular type, it is not accom- 
panied by nausea, retching or vomiting The disposition alters com- 
pletely, the patient becoming increasingly morose, lethargic and desirous 
of death Pams, paresthesias and weakness in the extremities develop, 
and the signs of polyneuritis, such as tenderness of the nerve trunks, 
diminution or absence of reflexes, areas of anesthesia and paresis of the 
limbs, become manifest Trophic ulcers also make their appearance m 
spite of every precaution The patient becomes delirious, and tremulous 
and athetoid movements are noted Death is due to bronchopneumonia 
The course is afebrile except for the onset of the terminal illness, and 
the final temperature is usually subnormal Hypotension was lacking 
m the three cases verified by necropsy In the woman now under 
observation the systolic blood pressure was only 78 Just as typical 
Addison’s disease, m patients with coexisting essential hypertension, 
may occasionally be associated with high blood piessure, the low blood 
pressure m this case can best be explained by the occurrence of the 
syndrome m a hypotensive person 

Lahoiatoiy Findings — The only significant finding is moderately 
increased nonprotem nitrogen m the blood Moderate secondary anemia 
IS present 

Dijfeiential Diagnosis — ^The only disease that must be seriously 
considered m the differential diagnosis is Addison’s disease In 1855 
Addison epitomized its signs and symptoms as follows “The leading 
and characteristic features of the morbid state to which I would direct 
attention are anemia, general languor and debility, remarkable flabbiness 
of the heart’s action, irritability of the stomach and a peculiar change 
of colour of the skin, occurring m connection with a diseased condition 
of the suprarenal capsules ” In the three quarters of a century that has 
elapsed since then, little of importance has been added to this descrip- 
tion Addison’s inclusion of anemia as a major symptom of the disease 
has been shown to be partially incorrect There is rather a deficient 
circulation and utilization of oxygen, and, m the crises, a marked 
diminution m the volume of the blood is noted The latter is associated 
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with a rise in the nonpiotein nittogen values of the blood Hypotension 
has been added as a cardinal sign, and the frequent loss of weight and 
the occurrence of subnormal temperature have been emphasized by 
many clinicians As would be expected in a syndrome based on dis- 
eased suprarenal capsules, chronic suprarenal insufficiency closely resem- 
bles this malady The absence of many of the cardinal features, 
especially pigmentation and hypotension, plus the appearance of 
additional factors such as the practically complete loss of body fat, 
polyneuiitis and tiophic ulcers sufficiently differentiate the two condi- 
tions So-called atypical cases of Addison's disease are not uncommon, 
and it IS for futuie observation to decide whether many of these do not 
rightly belong undei the classification of chronic suprarenal insufficiency, 
particulaily those based on malnutrition or carcinoma 

Pituitary cachexia offers little difficulty in the differential diagnosis, 
as the disease luns an exquisitely chronic course, and the emaciation is 
accompanied by wrinkling of the skin, falling out of the hair and teeth 
and atrophy of the genitalia In multiple sclerosis of the endocrine 
glands, symptoms of both myxedema and suprarenal insufficiency are 
added to those of pituitaiy cachexia 

Treatment — In only one case has specific therapy been attempted 
With the use of a proprietary pieparation of the cortical hormone and 
a diet high in vitamin B, encouraging results are being obtained 

SUMMARY 

Three additional cases of chronic suprarenal insufficiency are 
reported, and the entire group is analyzed The etiology, pathology, 
symptoms, differential diagnosis and treatment are discussed 
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The present investigation was initiated to establish a better undei- 
standing of the serology of chronic aithritis and, more particularly, the 
arthritis that has been considered infectious Our interest centered on 
four major topics (1) the specificity and sensitivity of the streptococcic 
agglutination reaction in chronic infectious arthritis, as lepoited by 
Cecil, Nicholls and Stamsby ^ and confirmed by Dawson, Olmstead and 
Boots, “ (2) the relation between agglutinin titer and cutaneous sensi- 
tivity, (3) the relation between agglutinin titer and clinical course, and 
(4) the effect of vaccine treatment on agglutinin titei 

Organisms of four types commonly isolated by our laboratory from 
foci of infection m patients with chronic arthritis weie selected for this 
study In addition, we chose members of three bacterial gioups which 
are frequently implicated, according to the reports of leading authorities 
on the disease 

SELECTION OF ORGANISMS 

The following brief resume of the literature serves to indicate the 
diversity of current opinion regarding the organisms involved m arthritis 
and the organisms recommended foi vaccine therapy During the last 
fifteen years, many clinicians and bacteriologists have attempted to 
isolate the causal factor in cases of arthritis, using as source material 
blood, fluid and tissues from the affected joints and secretions and 
excretions from other loci as numerous as the parts of the human body 
The organisms isolated are of many different genera Those most often 
reported are, m order of frequency streptococci of the hemolytic, viii- 
dans and anhemolytic types, diplococci, diphtheroids, staphylococci, 
intestinal organisms of the colon-typhoid group, gonococci, pneumococci 

From the Desert Sanatorium and Institute of Research 

1 Cecil, R L , Nicholls, E E, and Stamsby, W J Bacteriology of Blood 
and Joints in Chronic Infectious Arthritis, Arch Int Med 43 571 (May) 1929, 
J Exper Med 50 617, 1929, Am J M Sc 181 12, 1931 

2 (a) Dawson, M H , Olmstead, M, and Boots, R H Proc Soc Exper 
Biol & Med 28 419, 1931 , (b) ibid 28 421, 1931 , (c) J Immunol 23 187 
1932, (d) ibid 23 205, 1932 
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and even anaerobes of the Clostridium Welchii group An exhaustive 
summary of the bactei lologic observations in atiophic arthritis may be 
found in the Anmis of the Pickett-Thomson Resemch Laboi atoi y/ 
and the critical reviews of the subject by Jordan and Vrtiak and Jordan ^ 
and by Miller ° are complete The reader is also referred to “A Sympo- 
sium on Arthi itis ” ® 

Recently stress has been laid on the streptococci by the leports of 
Cecil and his associates ^ that they have isolated with considerable regu- 
larity from the blood and joints of patients with atrophic aithritis a 
strain of Streptococcus haemolyticus which is of a constant cultural 
character, agglutinates readily with the serums of patients with atrophic 
aithritis and produces a disease similar to atrophic arthritis when 
injected intravenously into rabbits, it has been chosen by Cecil as a 
theiapeutic agent in the form of vaccine m selected cases Dawson, 
Olmstead and Boots were unable to isolate a significant organism from 
cultuies of the blood, joints or nodules m a series of 80 patients with 
arthritis They found, howevei , that Cecil’s typical hemolytic strepto- 
coccus IS agglutinated by serums from patients with atrophic arthritis 
in the great majority of cases to a high titer, and that other hemolytic 
streptococci of the scarlatmae-erysipelatis group agglutinate equally well ^ 
They found no evidence of a specific reaction which could differentiate 
any of the hemolytic strains examined Burbank and Hadjopoulos,® 
following Hastings,® are strong proponents of the complement-fixation 
reaction as an aid in the diagnosis and treatment of arthritis They 
reported that serums from patients with atrophic arthritis bind comple- 
ment with certain stock and autogenous hemolytic streptococci which 
they isolated from the blood, feces, urine or local lesions (in teeth, 
tonsils and other localities) of patients with atrophic arthritis In addi- 
tion, they stated that a patient is often improved by treatment with a 
vaccine made from the streptococci which show fixation with his serum 
They recently published the results of experiments in which rabbits 
artificially infected with hemolytic or green-producing streptococci cul- 

3 Thomson, D , and Thomson, R The Pathogenic Streptococci, Ann 
Pickett-Thomson Research Lab, 1929, vol 4, pts 1 and 2 

4 Jordan, E P Microbic Etiology of Rheumatic Fever and Arthritis, Arch 
Path 10 79 (July) 1930 Vrtiak, E G, and Jordan, E P Clinical Study of 
Chronic Arthritis, J A M A 94 863 (March 22) 1930 

5 Miller, J L Am J M Sc 182, 158, 1931 

6 Symposium on Arthritis, J Lab & Clm Med 15 1055 (Aug'* , 177 (Sept) 

1930 

7 Dawson, Olmstead and Boots (footnote 2 b, c and d) 

8 Burbank, R, and Hadjopoulos, L G Serologic Significance of Strepto- 
cocci in Arthritis and Allied Conditions, J A M A 84 637 (Feb 28) 1925, J 
Lab & Clin Med 14 131, 1928 

9 Hastings, T W J Exper Med 20 52, 1914 
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tured from the blood of patients with arthritis manifested the typical 
symptoms and pathologic changes of arthritis, the injected oiganisms 
could regularly be recovered from the animals’ joints and could be 
demonstrated within the synovial tissues and bone tissues of the affected 
parts Some of the arthrotropic streptococci isolated by Crowe have 
been compared with the strains of Burbank and are said to be similai or 
identicaP^ Attempts to cultuie significant bacteria from the blood of 
arthritic patients by the method of Cecil, Nicholls and Stamsby ^ have 
failed in our laboratory 

MATERIALS AND TECHNIC 

Hjstoiv and Chaiactcnstics of CuUincs — Ong-inally 7 organisms were selected 
They included Cecil’s typical arthrotropic hemolytic streptococcus strain AB 13,^^ 
the NY 5 strain of Str scarlatinae,!^ Cecil’s anhemolytic streptococcus RB 5 and 4 
organisms isolated from patients in the Desert Sanatorium , the hemolytic strepto- 
coccus W and Bacterium coli H were isolated repeatedly by us from the fresh 
stools of 2 patients in far advanced stages of atrophic arthritis, Str viridans M 
was isolated from the throat and repeatedly m almost pure culture from the rectal 
mucosa of a young man with a long history and advanced symptoms of spondylitis 
Staphylococcus aureus P was for more than a year the characteristic organism in 
the nasal discharge in a severe case of chronic sinusitis (nonarthritic) In addition 
to the 7 organisms listed, several other streptococci which had been isolated from 
cases of atrophic arthritis in representative laboratories were employed during the 
preliminary work, but were discarded because of their failure to produce significant 
serologic or cutaneous reactions Str haemolyticus NY 5 was abandoned early, 
since It gave evidence of a biochemical and serologic relationship to AB 13, always 
reacting with serums which agglutinated Cecil’s organism, but always m lesser 
degree The cultural characteristics of the remaining streptococci are shown in 
table 1 The}"^ remained constant, with the exception of Str viridans M, which of 
late has tended toward the hemolytic type Bact coli H is of the communis 
variety and is an active hemolyzer, Staph aureus P is typical in the production of 
pigment and occasionally hemolyzes blood agar 

Agglutinating serums for each of these streptococci were prepared by repeat- 
edly inoculating rabbits with killed and live young organisms Injections were 
made on four consecutive days each week for from six to twelve weeks, beginning 
with minimal doses and reaching a maximal approximate dose of from 5,000,000,000 
to 10,000,000,000 organisms With this technic, no agglutinin titers above 1,280 
were obtained Absorption of agglutinins m these serums by the 4 streptococci 
indicated that Str haemolyticus AB 13 and Str haemolyticus W were separate 
serologic entities Absorption of AB 13 serum by the heterologous organisms did 
not greatly diminish AB 13 agglutinins Str haemolyticus W differed from the 

10 Hadjopoulos, L G , and Burbank, R J Bone & Joint Surg 14 471, 1932. 

11 Crowe, Warren Ann Pickett-Thomson Research Lab 4 398, 1929 

12 Thompson, David J Lab & Clm Med 11 1117, 1931 

13 Mote, J Unpublished communication to the authors 

14 These organisms were obtained through Dr Stamsby , they were isolated in 
his laboratory from patients with atrophic arthritis and rheumatic fever, respec- 
tively 

15 This organism was isolated by Dr Dochez from the throat of a patient with, 
scarlet fever and obtained through Dr Boots’ laboratory 
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other streptococci in that it was repeatedly pathogenic for rabbits, killing them 
regularly Avithm three or four days with evidence of septicemia and renal involve- 
ment when doses of approximately from 1,000,000,000 to 5,000,000,000 organisms 
were given No other streptococcus tested was lethal for rabbits m the doses 
given 

All of the organisms used in agglutination tests were from fresh live broth 
cultures The streptococci were transferred at one or two day intervals to beef 
heart broth pn 7 6, prepared according to the technic of Nicholls and Stamsby,’-^ 
to which was added fresh citrated rabbit blood, 5 per cent by volume Antigen 
flasks containing 80 cc of beef heart broth were inoculated from “starter” blood- 
broth cultures of streptococci which were in the initial period of logarithmic 
growth (from five to six hour cultures) and were incubated for twenty-four hours 
before use We soon discovered that more vigorously growing, diffuse and stable 


Table 1 — Citlimal Chaiactensfics of Siicptococci Used in Agglutination and 

Skin Tests as a Routine 


Organisms 

Morphology 
of Organisms 

Morphologj 
of Colonj 

Zone on 
Blood Agar 

Sugar Fermentation 

t 

Mannite Inulln 

Milk 

Str haemo 
lyticus 

AB13 

Long chains, 

COCCI round, 
varying mark 
cdly in size in 
same chain 

Finely granular, 
small, undulant, 
intermediate SR 

Is arrow zone 
of incomplete 
hemolysis 



A 

Str haemo 
lyticus 

W 

Short chains, 
cocci large, often 
lance shaped 

Large, mucoid, 
dew drop, 
smooth 

Wide zone of 

vigorous 

hemolysis 



A 

Str viridans 
M 

Short chains, 
cocci round and 
lance shaped 

Pinpoint, flat, 
round, smooth 

Good produc 
tlon of met 
hemoglobin 


-1- 

C+ + 

Str an 
haemo 
lyticus 

EB5 

Long chains, 
cocci usually 
round, occasional 
bacillary forms 


Indefinite pro 
ductlon of 
methemo 
globln 


+ 

A C+ 


All of the streptococci produced acid without gas in dextrose, lattosc, sucrose and saliciu, 
ail were bile insoluble and did not liquefy gelatin 

Acid formation and no gas are denoted by +, no acid formation and no gas, by — , acid 
formation and no clot, by A, acid formation and hard clot, by AC, and extensiveness of 
clotting by C+ or 0++ 


antigens could be obtained m the following manner The broth was buffered with 
5 per cent dibasic potassium phosphate, and 1 per cent dextrose was added at the 
time of inoculation , after the supernatant homogeneous suspension was incubated 
for not more than twenty hours it was decanted and the reaction readjusted with 
double normal sodium hydroxide to pn 7 6 Occasionally the streptococci agglu- 
tinated spontaneously even with these precautions, but this difficulty was generally 
overcome by rapid transfer twice a day m blood broth for from six to ten days 
Satisfactory staphylococcus and Bact coli agglutinogens were readily prepared in 
•ordinary veal infusion broth, pu 7 4, which was incubated from eighteen to twenty- 
four hours 

Antigens for skin testing and vaccine therapy were made from organisms grown 
as for agglutination, concentrated by centrifugation, washed four times m 5 per 
cent phenol-saline and resuspended to a standard density m phenol-saline solution 
After standardization by direct count and sterility tests, the antigens were released 
for clinical use 


16 Nicholls, E E, and Stamsby, W J J Chn Investigation 10 323, 1931 
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Technic — Serums for agglutination tests were collected by one of us from 
arthritic and control groups and sent under serial number to the laboratory After 
the first short senes, scrupulous care was taken that the clinician and the serologist 
should not know each other’s results until the tests were completed Final con- 
centrations of the serum after the addition of antigen ranged from 1 40 to 
1 2,560, as a routine, the final volume per tube was 1 cc Tests were incubated 
m a constant-level water bath at 56 C for two hours, then refrigerated overnight 
and read approximately eighteen hours after being set up Readings immediately 
after incubation in a water bath were not sufficiently definite, owing to the slow 
formation of readily visible aggregates All readings were made by one observer 
with the naked eye, then checked with a magnifying double-prism optician’s loupe 
The highest dilution in which definite, well formed clumps of micro-organisms 
could be seen was considered the serum titer 

RESULTS 

In analyzing our data on patients with arthritis it seemed advisable 
to us to use the system of clinical grouping which was developed by 
Dr Holbrook m the Desert Sanatorium and Institute of Research and 
which has pioved to be practical and helpful to us in selecting therapeu- 
tic measures We present the following brief summary of his classifica- 
tion, in which atrophic arthritis is divided into two groups Group 1 is 
an afebrile, insidious, progressive, symmetrical deforming and crippling 
disease Group 2 is a febrile disease, often acute in onset, with heat, 
redness and swelling of the joints Group 3 is commonly designated as 
osteo-arthritis, hypertrophic arthritis or degenerative arthritis Group 
4 A IS spondylitis without bony ankylosis Group 4 B is spondylitis 
with bony ankylosis Group 5 is often termed metabolic, traumatic or 
menopausal arthritis, oidmarily with involvement of only one joint 
Group 6 may properly be termed prearthritis, and in it are included all 
of the manifestations of neuritis, myositis, bursitis, fibrositis and similar 
conditions 

Sixty-seven cases of arthritis (all forms) fell readily into definite 
clinical groups From these a total of 259 specimens were collected and 
tested for agglutinins against the 6 selected type organisms The control 
group comprised 119 patients, from whom 174 specimens were collected 
It will be seen from tables 2 and 3 that Cecil’s hemolytic streptococcus 
AB 13 reacted m high serum dilution with 70 per cent of the serum 
specimens of types I and II, and with the specimens from about 75 
per cent of the cases in these groups This is a markedly higher fre- 
quency than was demonstrable with any of the other antigens In no 
other clinical group was the percentage of high AB 13 titers so remark- 
able, the only lunners-up being group 4 A, which may be atrophic 
arthritis of the spine, and the group of rheumatic infections Except 
in cases of atrophic arthritis the agglutinins against AB 13 are mfre- 

17 Holbrook, W P Southwestern Med IG 149, 1932 
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quent , when they occur m othei clinical conditions, the titei is generally 
low and disappears rapidl)' 

In 28 cases of atrophic arthritis, in which the serums were tested 
against AB 13 at regular lnter^als average agglutinin titeis for each 
patient were computed Ninety pei cent of the cases showed an aver- 
age titei of 1 320 or more, and in 100 per cent the reactions weie 
positive in some degree Forty random cases fiom all other groups 
weie followed m a similar mannei, and only 38 per cent showed a leac- 
tion , 111 10 pel cent the reaction was positive in high degree The per- 
centages were of course increased by the inclusion of gi oup 4 A and 
the cases of rheumatic infection Exclusne of these, the contiol figuies 
are positive reactions of any degtee, 26 per cent of 30 cases, high 
positive reactions, 3 per cent 

The peak and aveiage titers in 33 of 41 cases of atrophic arthiitis 
were m general significantly higher for AB 13 than for any other test 
oiganism The 8 remaining cases gave lower reactions with AB 13 than 
with other test oiganisms Of the 8, 3 were definitely arrested cases, 
in 1 the patient had recovered , in 1 a high selectivity for Bact coli H 
was consistently maintained, and 3 were active typical cases 

Because of a possible influence on agglutinin titers, all of the his- 
tones were searched for records of previous oi concomitant streptococ- 
cic infections and of previous administrations of streptococcus vaccine 
In groups 1 and 2 we were unable to find any subjects with a history of 
recent proved streptococcic infection, sore throats and colds being 
noticeably absent There were only 12 patients of groups 1 and 2 
to whom assuiedly no vaccine had been given pievious to the time of 
agglutination Of these, 10 patients (83 per cent) pioved to have high 
titer agglutinins for AB 13 Repeated agglutinin titers were determined 
at intervals on 46 patients with arthritis, 28 of whom had atrophic 
arthntis In this group there was no regular correlation between agglu- 
tinin titer and clinical course The agglutinin titer was seen to rise, fall 
or 1 email! constant regaidless of whether the clinical condition became 
woise or better or remained the same 

Oui data, on analysis, showed no greater fiequency of positive 
agglutinin reactions in the older patients than in the younger 

CUTANEOUS REACTIONS 

To deteimine the number of organisms to be injected for cutaneous 
reactivity a group of 15 normal subjects uas tested with phenol-saline 
preparations of the 6 different organisms previously described In the 
case of AB 13 it was found that all normal subjects gave a small positive 
reaction to a dose of 20,000,000 organisms per one-tenth cubic centi- 
meter injected intracutaneoush When the dosage rras i educed to 
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2,000,000 organisms, there were no positive leactions in the normal 
group The skin test dose of 2,000,000 organisms was thus established 
and for uniformity was used with all autogenous and other stock organ- 
isms in testing patients Readings were made at thirty minutes and at 
t-wenty-foui and forty-eight hours The induration and erythema of all 
of the reactions weie measured and recorded in degrees from 1 plus to 4 
plus The standards for measmement were selected arbitrarily Indura- 
tion of from 0 4 to 0 7 cm or erythema of from 0 6 to 1 5 cm was con- 
sidered 1 plus Reactions with an induration of 1 9 cm or erythema of 
3 6 cm or moi e were classed as 4 plus 

With the stock vaccines the positive reactions were few and scattered, 
without predominant reactions to any one organism in the arthritic 
group or in the controls In the case of AB 13, 16 per cent of all 
patients with arthritis (i e , 67) gave a positive reaction In 31 cases 
of atrophic aithntis, 20 per cent of the patients gave positive reactions 
This is higher than the percentage of positive reactions m the control 
group, but was not considered gieat enough to be of much significance 
Surveying all of the cases, there was no apparent coi relation between 
the skin test and the agglutinin titer 

In general, the group of patients with atrophic arthritis were strik- 
ingly anergic or nonreactive to the various organisms, both stock and 
autogenous Only m rare instances was a cutaneous reaction to stock 
vaccine as strikingly positive as the reaction to the same number of 
autogenous organisms In many instances the skin reacted to the 
autogenous organisms and not to the stock organisms when the dose 
was the same and the morphologic and cultural characteristics were 
similar Positive reactions occurred more frequently with hemolytic 
gram-negative bacilli isolated from stools than with any other autogen- 
ous organisms 

TREATMENT WITH VACCINE 

So much has been written about treatment with vaccine when all 
kinds of organisms, dosages and methods are used, that no attempt 
will be made to covei the literature Except for a few well controlled 
experiments, the outstanding feature is the great diversity of leports 
Many authors overlook the natural tendency m early cases to exacerba- 
tion and spontaneous remissions, which probably accounts for many of 
the reported cures and improvements Sixty per cent of the 1,000 
patients with arthritis who have been examined at the Deseit Sanato- 
rium recovered from the first attack^® The patients who were made 
worse by large doses of vaccine or nonspecific protein therapy were 
probably not reported In our experience the best results have followed 

18 Holbrook, W P Evaluation of Therapy in Chronic Atrophic Arthritis, 
Ann Int Med 7 457 (Oct) 1933 
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desensitization of patients who have shown marked cutaneous sensitivity 
to an autogenous oiganism and occasionally to a stock organism We 
have also observed that with subcutaneous and intramuscular injections 
the patient may do well for a time, but too often more sensitivity will 
develop Clinically, there aie increasing specific reactions to \accine 
and increased cutaneous sensitivity to smaller doses 

On the basis of the aforementioned experiments and the experiments 
of Claivson and Weatherby^'’ on animals, it ivas decided to confine 
treatment in this series to desensitizing doses by the intravenous 
route Though we aie aw^are that phenol-saline vaccine may not be the 

Table 4 — Sciologic and Chmcal Obsavations on a Few Repi csenfativc Cases of 

Ati opine Ajthuijs 


Duration Clinical Skin Test AB 13 Titer 

of Maximum Rene , ' , , * 



Dura- 

■ Organisms 

of 

Treat 

Ma\iniuin 

Number 

Iteac 

tion 

r — ■" 

Before 

After 

A- 

r 

Before 

After 



tion, 

Used in 

ment. 

of 

to 

A’^ac 

Vac- 

Vac 

Vac 

Clinical 
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Stock 
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Result 
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3 

AB 13 

4 5 

50,000,000 

0 

-b 

0 

1,280 

1,280 

Improved 

18G 

G 

AB 13 

35 

20,000,000 

0 

0 

0 

0 

2,500 

Improved 

210 

20 

AB 13 

1 0 

30,000 

-1- 

■1 — b-b-b 

0 

C40 

320 
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215 

10 

RB5 

20 

1,000,000 

0 

0 

0 

640 

1,280 

Improved 

17G 

2G 
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40 
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-b-b 
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C40 
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i 

B coIiH 

50 
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-b 

■b 

0 

C40 

C40 
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205 

10 

B coll H 

20 
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C40 

040 
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13 

B coliH 

Autogenous 

10 

100,000 

0 

0 

0 

320 

320 

No change 

C02 
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Str haemo 
lyticus W 

40 

5,000,000 
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-b-b -b-b 

0 

0 

2, SCO 

No change 

213 

S 

Hemolytic 
gram nega 
tive bacilli 

1 5 

100,000 

-b 


0 

1,280 

ICO 

Improi ed 

183 

14 

Hemolytic 
gram nega 
tive bacilli 

5 0 

10,000,000 

-b 

+ + + + 

0 

G40 

ICO 

Improved 

180 

3 

Hemolytic 
gram nega- 
tive bacilli 

40 

20,000,000 

-b 

4- + + + 

-b-b 

C40 

1,280 

Improt ed 


ideal 01 collect preparation, ive have used it because of our experience 
ivith it 

Comparable gioups treated and untreated wnth vaccine were chosen 
for observation All of the cases were chronic and of several years’ 
duration In addition each group was further subdivided to contain 
groups of patients wnth and without positive cutaneous reactions and 
groups of patients with and without positive agglutinin titei s All of the 
cases m which othei modes of therapy might complicate the picture were 
ruled out 

In table 4 are listed observations on some of the typical cases of 
groups 1 and 2 The vaccine Avas given intravenously twice weekly, 

19 Clawson, B J , and Weatherby, M Experimental Basis for Intravenous 
Vaccine Therapy in Chronic Arthritis with Summary of Results Obtained in 
Patients, Ann Int Med 5 1447 (June) 1932 
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Starting with approximately 100 organisms and gradually inci easing to 
the maximum approximate dose listed over the period mentioned An 
attempt to avoid apparently specific clinical reactions was made, though 
some leactions weie noted with intravenous injections as low as from 
30,000 to 50,000 oigamsms Piior to and during the course of vaccine 
therapy lepeated skin tests and agglutinin deteimmations were made on 
all of the patients Cutaneous leactions and agglutinin titers before and 
after therapy were tabulated The duration of therapy as listed does not 
repiesent the time during which the patients weie under observation, as 
explained, all of the cases were chionic, and it is of impoitance that all 
of them weie without significant change climcall} foi a peiiod of at least 
a few months before the treatment with vaccine was staited In our 
experience the patients who respond well to vaccine show ei idence of it 
u ithin a month or two 

RESLLTS or TREATMENT WITH V\CCINn 

So far m this woik we ha\e not a sufficiently large group of well 
controlled cases from which to draw conclusions of much clinical signifi- 
cance Seveial obseivations were made, however, that are worth noting 
Sensitivity to a paiticulai organism was reduced in every case following 
the intiavenous administration of the same organism, this desensitiza- 
tion did not occur in a few instances in which heterologous organisms 
were given intravenously oi in which homologous organisms were given 
subcutaneously There was no regularity m changes of agglutinin titer 
during or after treatment with vaccine, the titer increased, decreased 
oi remained constant without apparent relation to the treatment with 
vaccine or the clinical course The clinical course of the patient and 
the lesult listed in the table may or may not be due to tieatment with 
vaccine, for here again compaiable groups of patients not receiving 
vaccine did quite as well Skepticism is invited because of the well 
known psychologic effects of a new'^ treatment on patients with chronic 
conditions Theie is no case m the table or in the balance of unlisted 
patients in which improvement could not have been caused b}'' some 
factor or factois other than vaccine We believe, howevei, although 
we cannot prove, that in some of the patients who showed marked 
cutaneous sensitivity, significant improvement followed desensitization 
The improvement that seemed most probably due to treatment with 
laccine was obtained with autogenous organisms only 

COMMENT 

The foregoing observations on a lepiesentative group of arthritic 
patients indicate that Str haemolyticus AB 13 has a closer serologic 
relation to atrophic arthritis than any othei organism studied This is 
in agreement with the leports of Cecil and his co-wmrkeis and the 
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expel imeiits of Dawson and Boots We feel that the relatively high 
percentage of positive i eactions with RB 5 was insignificant, as it showed 
no selectivity foi any clinical group Othei oiganisins were of possible 
serologic interest only in isolated cases 

If there is a definite bacteiial agent responsible foi arthiitis, thiee 
possibilities occur to us in explanation of the seiologic behavior of 
AB 13 in the disease 1 It is the cause of atiophic aithritis, recogniz- 
ing that highly selective serologic reactions are not necessaiily indicative 
of etiologic relations, we feel that definite deductions on this point 
would be piemature 2 In specific protein content, AB 13 is i elated 
to this agent 3 AB 13 may be a secondary invadei, its existence made 
possible 111 the human body by the previous production of highly specific 
conditions favoiable to its growth Such conditions once established, 
antigen could readily be leleased into the system, pioducing appaiently 
speeific agglutinins In this connection it must be remembeied that this 
streptococcus is not a common inhabitant of the human bod)’’, and that 
It cannot leadily be cultured fiom any of the common souices 

It seems piobable that the occurience of AB 13 agglutinins in 
atiophic arthiitis is not solely explainable on the basis of so-called nor- 
mal antibodies The AB 13 titer is in a large peicentage of cases of 
atrophic aithiitis within a titer lange generally consideied indicative of 
serologic specificity (320 or moie), while m other clinical gioups tested 
the serum titers for this organism are uniformly low or negative The 
AB 13 titers of seiums fiom patients with atrophic aithiitis are higher 
than titers for any othei organisms employed in this study, although 
the lemainmg organisms, particularly Staph auieus and Bact coh, occur 
among the common floia of the human body Mackie and Finkelstein 
and Gibson,”^ in their discussions of the natural phenomena of immu- 
nity, agreed that normal antibodies, though occuriing frequently in the 
blood of vaiious mammals, are most leadily demonstrable for bacteria 
of the intestinal gioups We found few agglutinins against Bact coh 
and Staph aureus m the atrophic group Gibson reported no natural 
agglutinin titers higher than 320 except in a few cases with Bacillus 
pyocyaneus and Bactei lum dysenteriae , his series comprised a large and 
representative gioup of bacteiial species He further stated that the 
serums of young animals are deficient in natural agglutinins We were 
unable to demonstrate that the age group plays a part in the occurrence 
of AB 13 agglutinins in the patients with atrophic arthritis or in the 
remainder of the clinical groups studied, this is contraiy to a recent 
report by Dawson, Olmstead and Boots 

The absence of con elation between agglutinin titei and cutaneous 
sensitivity m arthritis is not surprising when one considers that such a 

20 Mackie, T J , and Finkelstein M H J Hyg- 30 1, 1930 

21 Gibson, HIT Hvg 30 337, 1930 
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relation is not reported in othei chionic diseases We have fiequently 
noted that cutaneous sensitivity diiinnished with the intravenous admin- 
istration of vaccine, but that the agglutinin titer showed no coiiespond- 
ing variations 

Theie was no correlation between agglutinin titei and cutaneous 
reaction in a gioup of over 100 patients, all of whom were tested by the 
two methods simultaneously at least once The same finding applies to 
a group of 31 atrophic patients tested in a similar fashion at weekly 
intervals for several months Likewise, Keefei, Myers and Oppel,-- 
m using the nucleoprotein of Sti scailatinae, found no correlation 
between skin tests and agglutinations 

It has been leported that a fall in the agglutinin titer often accom- 
panies clinical improvement We are not able to substantiate this 
observation, as we have noted a stationary and a using titer with definite 
clinical impiovement As has been mentioned, in one group of patients 
there was a marked fluctuation in the agglutinin titer, although there 
was no apparent change in the clinical course This was even apparent 
in a group of 6 patients tested at two day intervals for a period of two 
weeks 

Positive cutaneous reactions were more frequent and more marked 
in the group of patients with atrophic arthritis than m the control group 
but, as was explained earlier, the diffeience did not seem gieat enough 
to be worthy of consideration Keefer, Myers and Oppel also reported 
comparisons of cutaneous wnth agglutination reactions in rheumatoid 
arthiitis and rheumatic fever Their use of the nucleoprotein of Str scar- 
latinae may account for their greater peicentage of positive reactions in 
these diseases as well as in acute respiratory diseases associated ivith 
Str haemolyticus We have noted a few large cutaneous reactions 
occuriing within thirty minutes on several patients with atrophic 
arthiitis, thus we agree ivith Keefei, Myers and Oppel that there may ' 
be an allergic factor 

In the group of patients given vaccine intravenously only a few 
showed a definite and constant rise in agglutinin titer This rise was 
not necessarily associated with large doses, for in some cases in wdiich 
the doses were as low as approximately 5,000,000 organisms it W'as 
marked and persistent, whereas in other cases in which the dosage 
reached 100,000,000 organisms and was continued for a long period no 
rise was noted It may be of importance to mention again that all of 
these observations were made on patients treated intravenously , vaccine 
given subcutaneously or intramuscularly may harre a different effect on 
the agglutinin titei 

22 Keefer, C S , Myers, W K , and Oppel, T W J Clin Investigation 
12 279, 1933 
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Ordinarily a laboratory proceduie is unnecessary in establishing a 
diagnosis of aithritis Occasionally, in doubtful cases, when the facili- 
ties of a laboratory are available the AB 13 agglutinin titei may be an 
additional aid After the diagnosis has been well established, the agglu- 
tinin titer has doubtful prognostic value because of the frequent extreme 
fluctuations of titer apparently unrelated to the clinical course If this 
test IS used to coiroboiate the diagnosis of early clinical stages, it should 
be applied under carefully controlled conditions in the laboratory and 
under the supervision of an experienced serologist Accurate leading 
of the agglutination of streptococci presupposes a definite famihant} 
with the positive seiologic picture produced by the particular organism 
involved For this reason, the technic of the test does not lend itself 
to the conditions of an occasional isolated procedure m the laboratory 

CONCLUSIONS 

1 Cecil’s hemolytic sti eptococcus AB 13 shows a gi eater serologic 
selectivity for atrophic arthritis than foi any other disease gioup 
studied, as evidenced by the percentage of positive reactions m high 
agglutinin titer 

2 The percentage of serums of patents with atrophic arthritis which 
contain agglutinins in high titer for AB 13 cannot be accounted for on 
the basis of (a) previous aitificial immunization or {h) previous or 
concomitant streptococcic infections 

3 No other organism employed in this work was as selective as 
AB 13 for serums from patients with atiophic arthritis either m the 
height of the serum titei or m the frequency of positive agglutinin 
reactions 

4 No correlation was found between agglutinin titers and cutaneous 
leactions to vaccine of homologous oiganisms m the patients with 
atrophic arthritis 

5 Often within a shoit time a striking unexplained variation of 
agglutinin titers, not accounted for by clinical developments, occurs m 
patients untreated by vaccine 

6 In this study there w^as no regularity in the changes in the agglu- 
tinin titer as a result of vaccine therapy 

7 There is no appaient relationship between the variation in agglu- 
tinin titer and the clinical course 

8 A few patients seemed to be benefited by desensitization with 
vaccine The impiovement in other patients wdio received vaccine ther- 
apy may have been due to other factors impossible to control 

9 The AB 13 agglutinin titer has a definite but limited use as a 
diagnostic aid m arthritis 
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The vaiious duuetics are of gieat clinical Talue in a wide variety of 
pathologic states, but the exact conditions n Inch are most favorable for 
their action and the nature and mechanism of their action remain to a 
large extent obscure One of the leasons foi the unsatisfactory state of 
oui knowledge is that the diseased states affected by the diuretic drugs 
vary from patient to patient, and, indeed, in the same patient Conse- 
quently It IS difficult to be certain as to what extent the changes following 
the administiation of duuetics aie due to those drugs and to what extent 
they result fiom spontaneous changes in the pathologic physiology of the 
conditions under investigation Furthermore, complete studies of water 
and salt metabolism are so intricate that most of the investigations on 
the effect of diuretics are fragmeiitaiy and inconclusive 

It appeared desiiable, therefore, to undertalce a study of the vaiious 
diuietics under conditions which are constant and readily reproducible 
Previous work on the effect of extract of the posteiioi lobe of the 
pituitary gland on watei and salt metabolism ^ has shown that such 
conditions can best be obtained with noimal persons Foi these 
reasons, the present studies, which form the basis of furthei observations 
in pathologic conditions with edema, weie undertaken on normal 
subjects 

From the clinical point of view we have been inteiested in the 
charactei, magnitude and duration of the effect of the diuretic drugs, as 

This investigation was aided by a grant from the Proctor Fund of the 
Harvard Medical School for the Study of Chronic Diseases 

From the Medical Research Laboratories and the medical service ot the Beth 
Israel Hospital and the Department of Medicine, Harvard Medical School 

1 Gargle, S L , Gilligan, D R , and Blumgart, H L The Antidiuretic 
Effect of the Oxytocic and Pressor Principles of the Extract of the Posterior Lobe 
of the Pituitary, New England J Med 198 169, 1928 
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well as 111 the existence of any untow aid reactions From the plnsio- 
logic point of view infoimation has been sought in regaid to the 
mechanism of action of these drugs Four diffeient diuretics haie 
been administered, namely, salyrgan and merbaphen of the mercurial 
group, and metaphyllin (theophylline ethilenediamine) and theobromine 
sodium salicylate of the xanthine group 

PROCEDURE 

The physical eiiMionment undei which the action of the diuretics 
was studied was kept as .constant as possible in order that the changes 
produced by the diuretics w^ould not be obscured by relatively large 
fluctuations such as exist in the usual clinical environment The subjects 
were placed in a metabolism room and confined to bed except for short 
peiiods each day The room tempeiatuie w^as observed eveiy four 
hours and did not exceed 78 F at any time 

The thiee normal adult men chosen as suitable for the study showed 
no evidence of renal or cardiac abnormalities The subjects weie w^ell 
nourished, had normal basal metabolic lates and weie intelligent and 
cooperative E W pieviousl)^ had had acute nephritis, but he showed 
no evidence of lenal damage at the time of the study 

Since the puipose of a diuretic is to remove abnormal deposits of 
bod}^ fluids without disturbing the normal composition of the lemaining 
fluid matiix, it is essential that the diug should lemove not only water 
but also the substances dissolved in the water To learn to what extent 
the various common diuietics fulfil this essential requiiement, we have 
studied all the electrolyte constituents of the urine wdnch are piesent 
111 important amounts m body fluids 

The obsenations lepoited in the liteiatuie on the effect of diuretics 
on ivater and mineral metabolism in man have generally been made 
on tiventy-four hour specimens of mine Our previous studies ^ of the 
effect of extiact of the posterior lobe of the pituitaij'- have demonstiated 
the necessity of collecting the mine at fiequent stated mteivals during 
the twent3'--four lioui period m order to evaluate the effect of this drug 
accurately Maiked changes in water and salt metabolism caused b}’- a 
single dose of pitmtaiy extract w’^ere folloAved in a few hours by equally 
marked changes in the opposite direction, so that no effects w’-ere obvious 
111 the amount of urine collected m tiventj-four hours It ivas considered 
of the utmost importance, theiefore, in studying the effect of the diuret- 
ics on the watei and salt metabolism, to divide the observations into 
shoit peiiods of time, as the}^ aie presented m table 1 

The stud} of specimens of urine collected at repeated intervals dur- 
ing the day permits a more accurate estimation of the duration of the 
dimetic eft'ect, and also enables one to learn wdiether the geneial nature 
of the diuresis is the same in the initial as m the later periods 
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A carefully weighed neutral diet (table 2), adequate in all respects, 
was given at specified times each day, and on no occasion was food 
letuined uneaten The subjects received the same ai tides of food every 
day, the three meals differing from each other but being exactly the 
same fiom day to day This diet was so designed as to permit its use 
in other studies on patients with nephritis and cardiovascular disease 
The diet was planned to contain small amounts of sodium and chloride, 
and the necessary requirements were met by adding salt m the form of 
chemically pure sodium chloride, thereby reducing rariations in the 
intake of salt to a minimum 


Tablf 1 — Daily Schedule 


7 00 a m 

Void 

7 30 a m 

Breakfast 

9 30 a m 

Void 

0 30 a m 

333 cc 11 atcr 

12 00 noon 

Void 

12 00 noon 

Dinner 

2 00 p m 

Void 

2 30 p m 

333 ce 11 a ter 

4 30 p m 

Void 

4 30 p m 

Supper 

0 30 p m 

Void 

7 SO p m 

334 ce 11 atcr 

9 00 p m 

Void 


Table 2 — Tola! Daily Dietaiv Intake Used Tin oiigliout the Studies 


Potus ^ — 

Chloride Sodium siuin s q c? O c 3 Water 




5 

O 


C" 

'O 


-a 

o 


Xi 

•y 


'O 

0 


S O' 

og 

s- 

t/2 

3^ 

fc-f'ii 


5 

•3 



c 

s 

>» 

2 

4 -) 

c3 

o 

N 

C5 

rs 

C5 

a> 

ts 



0 . 
.C'O 

3 ^ 

•w 

0 

ts 


O) 

E 

o 

o 

c3 

o 

SE 

u 

O 

<3 

3 O' 


*5 O' 

cH 

3 O' 

gw 

C3" 


c, 0 

0 cs 

*§.'3 
^ 0 

3 

3 

.E 

c3 S 

>% 

cS 


X 

Ph 


oo 

o 



0:3 


073 


o« 


FI 4 J 

X « 

OCD 

<0 

S 

D 

66 

105 

254 

2,230 

G9 

82 

75 

75 

69 

57 

24 

17 

54 

50 

1,521 

1,400 

S 

A 

66 

so 

224 

1,SS0 

69 

82 

75 

75 

69 

57 

24 

17 

54 

50 

1,521 

1,406 

E 

W 

46 

G9 

141 

1,320 

G2 

08 

101 100 

30 

28 

10 

9 

37 

40 

1,0S0 

1.001 


Exact duplicates of the diet weie analyzed chemically on several 
occasions to make certain of the actual total intake of the most impor- 
tant moiganic constituents The values used for the calculation of 
this diet were obtained in part from analyses made by Aub,- and in 
part from Sherman's tables ® The calculated watei contents were 
obtained from circulars from the United States Department of Agri- 
culture ^ The analytic values for the potassium and chloride contents 

2 Aub, J C Personal communication to the authors 

3 Sherman, H C Qiemistry of Food and Nutrition, New York, The Mac- 
millan Company, 1928 

4 United States Department of Agriculture Circulars nos 50 (Dec 1928"), 
146 (Jan 1931) and 389 (July 1926) 
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of the diets differed somewhat from the calculated values (table 2) 
The constancy of the diet was demonstrated by the close agieement of 
the lesults of analyses made during different periods of the stud} In 
addition to the water supplied in the diet, 1 litei of watei divided into 
three equal poitions was given to each subject at specified times during 
the day (table 1) 

The daily schedule given in table 1 was adhered to stiictly No 
medication, except the diuretics studied, was given No quantitative 
studies were made until the subjects had been on the metabolic legimen 
for a week or more Pielimmai}^ measurements were then made until 
the subjects were in satisfactoiy equilibrium with the conditions of the 
study Measuiements of the volume and of the various constituents of 
each specimen of uiine were then made for seAeial days before a 
diuretic was admmisteied, to learn the extent of the spontaneous Aari- 
ations undei the fixed conditions of the expeiiment 

METHODS 

The specimens of urine were collected directlj' in bottles containing toluene as 
a preservative The ammonia content and titratable acidity were determined when 
specimens were fresh The chloride content was also usually determined within 
twenty-four hours after voiding, and a small amount of concentrated hydrochloric 
acid was then added to each specimen as an additional preservative, and to prevent 
the precipitation of alkaline phosphates 

Stools were demarcated by the oral administration of 1 Gm of ashless lamp- 
black charcoal at the beginning and at the end of each period of observation They 
were weighed shortly after passage to prevent a loss of water by evaporation 

Bodj'- weights were determined daily, and at additional times when desired, by 
means of a beam balance which gave results accurate to approximately 1 Gm 

The chemical methods used for the anab’-ses of urine were as follows ammonia, 
Van Slyke and Cullen , chloride, Folin , « inorganic phosphorus, Fiske and Sub- 
barow , ^ inorganic sulphate, Fiske , ® potassium, Fiske and Litarczek , sodium, 
Butler and Tuthill , titratable acidity minus carbon dioxide by adding 5 cc of 
one-tenth normal hydrochloric acid to 25 cc of urine, blowing off carbon dioxide 
and titrating to pn 7 38 with one-tenth normal sodium hydroxide, using phenol- 

5 Van Slyke, D D, and Cullen, G E A Permanent Preparation of Urease 
and Its Use in the Determination of Urea, J Biol Chem 19 211, 1914, The 
Determination of Urea bj'^ the Urease Method, ibid 24 117, 1916 

6 Folin, O Simplified Chlorid Determination in Laboratory Manual of 
Biological Chemistrj’-, ed 4, New York, D Appleton and Company, 1926, p 167 

7 Fiske, C H , and Subbarow, Y The Colorimetric Determination of 
Phosphorus, T Biol Chem 66 375, 1925 

8 Fiske, C H The Determination of Inorganic Sulphate, Total Sulphate 
and Total Sulphur in Urine by the Benzidine Iilethod, J Biol Chem 47 59, 1921 

9 Fiske, C H , and Litarczek, G Unpublished data 

10 Butler, A kl . and Tuthill, Elizabeth An Application of the Uranjl Zinc 
Acetate klethod for Determination of Sodium in Biological klatenal, J Biol Chem 
93 171, 1931 
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sulphonphthalem as an indicator and a standard phosphate buffer for color com- 
parison, a modification of the method of Henderson and Palmer, calcium, Fiske 
and Logan, 12 total nitrogen, Folin.i^ urea clearance, Moller, McIntosh and Van 
Slyke 11 and McIntosh, Moller and Van Slyke.is and creatinine, Folin i« The 
same methods, with slight modifications when necessary, were used for analyses 
of stools The stools were ashed by the nitric acid wet ash method The results 
of the analyses of the various constituents in the individual specimens of urine 
were checked by comparison with the results found for a representative twenty- 
four hour amount obtained by combining 10 per cent of the volume of each 
individual specimen The analyses of stools were made in duplicate on the ashed 
extracts 

The serum constituents were determired by the following procedures chloride, 
Wilson and Ball,!’’ sodium, Rourke,i® specific gravity (bottles containing 5 cc 
were used), Moore and Van Slyke, creatinine, Folin.^o and protein. Dyer 21 
All the analyses of serum were made in duplicate The accuracy of the chemical 
methods employed in all the studies was confirmed by analyzing known solutions 
at frequent intervals during the course of the investigation 

11 Henderson, L J , and Palmer, W W On the Several Factors of Acid 
Excretion, J Biol Chem 17 305, 1914 

12 Fiske, C H , and Logan, M A The Determination of Calcium by Alkali- 
metric Titration II The Precipitation of Calcium in the Presence of lilagnesium. 
Phosphate and Sulphate, with Applications to the Analysis of Urine, J Biol 
Chem 93 211, 1931 

13 Folin, O Total Nitrogen Determination in Urine by Direct Nesslenza- 
tion, in Laboratory Manual of Biological Chemistry, New York, D Appleton and 
Company, 1926 

14 Moller, E , McIntosh, J F , and Van Slyke, D D Studies of Urea 
Excretion II Relationship Between Urine Volume and the Rate of Urea Excre- 
tion by Normal Adults, J Clin Investigation 6 427, 1928 

15 McIntosh, J F , Moller, E , and Van Slyke, D D Studies of Urea Excre- 
tion III The Influence of Body Size on Urea Output, J Chn Investigation 
€ 467, 1928 

16 Folin, O On the Determination of Creatinine and Creatine in Urine, J 
Biol Chem 17 469, 1914 

17 Wilson, D W , and Ball, EG A Study of the Estimation of Chloride 
in Blood and Serum, J Biol Chem 79 221, 1928 

18 Rourke, M D The Determination of the Sodium Content of Small 
Amounts of Serum or Heparinized Plasma by the lodometiic Method, J Biol 
Chem 78 337, 1928 

19 Moore, N S , and Van Slyke, D D The Relationships Between Plasma 
Specific Gravity, Plasma Protein Content and Edema in Nephritis, J Clin Investi- 
gation 8 337, 1930 

20 Folin, O On the Determination of Creatinine and Creatine in Blood, 
Milk, and Tissues, J Biol Chem 17 475, 1914 

21 Dyer, B Kjeldahl’s Method for the Determination of Nitrogen, J Chem 
Soc , London 47 811, 1895 
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The rates of glomerular filtration were measured by the method of Rehberg,-- 
shghtly modified, m that no creatinine was fed, and the creatinine contents of the 
serum and urine were determined by the methods of Folin -3 

Owing to the many extraneous factors tvhich aflfect watei and salt 
metabolism, even undei the rigidly controlled conditions of this study, 
the urinaiy outputs of tvatei and inorganic salts showed variations for 
single periods, which \vere, at times, considerable For this reason, the 
average urinaiy findings for the individual peiiods of the several con- 
trol days, before the diuretic tvas administered, were used as the basis of 
comparison In this wa}^ a base line was established, accoidmg to which 
the diuietic effect of the drug admimsteied could be gaged moie 
accurately 

In accord with these considerations the net quantitative effect of the 
diuretics was measuied hy the ma eases above o) the decreases beloiv the 
aveiage exciehon dm mg coriespondmg periods on the control days 
immediately preceding the medication In piesenting the results, the 
amounts above or the amounts below the coriespondmg aveiage figures 
of the original preliminary control periods have been charted (figs 1 
to 9), rather than the total amounts excreted 

The data have also been analyzed to gain information as to the source 
of the increased output of water and inorganic salts following the 
administration of the diuretics The measurements of the urine include 
the constituents which occur in important amounts m body fluids, 
namely chloride, sodium, potassium and calcium In addition to these 
constituents, the amounts of other substances in the urine, the excretion 
of which IS important m maintaining the constancy of the acid-base 
equilibrium of the body, have been determined These include inorganic 
phosphate, inorganic sulphate, ammonia, titratable acid (minus carbon 
dioxide) and total nitiogen 

RESULTS 

In the following presentation of results, the data for the water, 
sodium, chloride, potassium and calcium in the urine will be discussed 
for each experiment The findings m regaid to the urinary excretion 
of inorganic phosphate, inorganic sulphate and ammonia and the 
titratable acidity and specific gravity of the urine will be discussed 
together later 

Effect of Meibaphen on S D — The administration of 2 cc of 
merbaphen intravenously caused an increase in the volume of urine 
(table 3) during the first seven hours after the injection of the drug, 
accompanied by a conspicuously increased excretion of sodium, chloride, 

22 Rehberg, P B Studies on Kidney Function I The Rate of Filtration 
and Reabsorption in the Human Kidney, Biochem J 20 447, 1926 

23 Folin (footnotes 16 and 20) 
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potassium and calcium (fig 1) Theie was a relatively constant rela- 
tionship between the increases in the excretion of chloride, sodium and 
calcium during the different periods of diuresis (fig 1) This indicates 
that the diuresis was not piimarily a diuiesis of chloride or of any other 
single constituent The increase in the excretion of potassium appeared 
somewhat latei and persisted aftei the peiiod of diuresis of water, 
sodium, chloride and calcium Immediately following the increased 

TIME AFTER INJECTION OF 2CC MERBAPHEN 



Fig 1 — Net effect of the intravenous administration of 2 cc of merbaphen on the 
urinary excretion and subsequent retention of chloride, sodium, potassium and cal- 
cium m S D In this and in all the following figures the amounts above or below 
the average values for the corresponding control periods have been charted The 
figures represent, therefore, the net effect of the action of the drug on those con- 
stituents of the body The effect of the diuretics on the excretion of inorganic 
phosphate, inorganic sulphate and ammonia and on the titratable acidity ivas much 
less significant and has not been charted 

exctetion there was a compensatory diminution in the output of these 
substances lasting foi four days This peiiod of letention lestored 
to the body the substances which had been lost during the period 
of diuresis The lestrainmg factor wdnch prevented a moie rapid 
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restoration of the lost body fluid was evidently the lestricted intake 
of sodium chloride This fact is demonstrated by the failure to retain 
available water in the absence of corresponding amounts of salt, foi 
the volume of urine was relatively great m view of the neaily com- 
plete absence of sodium and chloride in the urine during the first two 
days following the diuresis (table 3) Furthermore, as evident fiom 
the divided specimens of urine on the first day following the diuresis 
(table 3), there was almost complete retention of available sodiupi and 
chloride during the periods immediately following meals, as well as in 
the inteivals 

The studies of Gamble, Ross and Tisdall have added consideiable 
significance to measurements of the excretion of sodium and potassium 
Potassium is the predominant base m cells,^^ while sodium predominates 
m blood plasma and other extracellular fluids In edema fluid, which 
may be taken as an example of extracellular fluid, sodium and potassium 
are present in concentrations of approximately 145 and 4 milhequiva- 
lents per htei of water, respectively, according to results obtained by 
workers in our laboratory and by Greene and his co-workers 
According to Peters,"® the base of cells is probably almost entirely 
potassium The concentration of total base throughout the body fluids 
IS approximately the same It may be assumed, therefore, that the potas- 
sium of cell water is approximately 160 milhequivalents per liter 

The increase in the amount of sodium excreted by the subject S D 
dm mg the seven hours of diuresis following the administration of 2 cc 
of merbaphen was 3 5 Gm , or approximately 150 milhequivalents, 
the increase m the amount of potassium excreted simultaneously was 
0 5 Gm , or approximately 13 milhequivalents Applying these data 
to the aforementioned considerations, it is apparent that the amount 
of sodium excreted during the diuresis, namely 150 milhequivalents, is 
equivalent to the sodium content of 1,030 cc ( ^ X 1,000) of inter- 
stitial fluid The potassium content of this amount of interstitial fluid 
would be approximately 4 milhequivalents The remaining 9 railhe- 
quivalents of potassium excreted during the diuresis was presumably 

24 Gamble, J L , Ross, G S , and Tisdall, F F Metabolism of Fixed Base 
During Fasting, J Biol Chem 57 633, 1923 

25 Katz, J Die mineralischen Bestandtheile des Muskelfleisches, Arch f d 
ges Physiol 63 1, 1896 

26 Gilligan, D Rourke, Volk, M C, and Blumgart, H L Observations on 
the Chemical and Physical Relation Between Blood Serum and Body Fluids I 
The Nature of Edema Fluids and Evidence Regarding the Mechanism of Edema 
Eormation, J Clin Investigation 13 365, 1934 

27 Greene, C H , Bollman, J L , Keith, N AI , and Wakefield, E G The 
Distribution of Electrolytes Between Serum and Transudates, J Biol Chem 91 
203, 1931 

28 Peters, J P Personal communication to the authors 
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Fig 2 — Net effect of the intravenous administration of 2 cc of metaphyllin on 
the urinary excretion and subsequent retention of chloride, sodium, potassium and 
calcium in S D 
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Fig 3 — Net effect of the oral administration of 3 Gm of theobromine sodium 
salicylate on the urinary excretion and subsequent retention of chloride and sodium 
in S D 
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derived fiom intracellular fluid Since the potassium content of cell 
water is approximately 160 milliecjuivalents per liter, it is evident that 
little intracellular fluid was excieted by this subject following the 
administration of 2 cc of merbaphen Calculations of such small 
amounts inevitably contain a large inherent error, but it is interesting 
to note that the calculations for the excretion of potassium indicate the 
loss of approximately 60 cc of cell water 

These calculations, on the basis of the amounts of sodium and potas- 
sium excreted, indicate that in this subject the predominant effect of 
merbaphen was a loss of extracellular fluid The total calculated 
amount of water lost fiom the body, extracellular plus intracellular, 
was 1,090 cc One might, therefore, expect an increase m the urinary 
volume and a net decrease in body weight of approximately the same 
amount, the observed increase in the volume of urine excreted during 
the diuretic period was 907 cc , and the net loss m weight was 
1,030 Gm during the same period There was consideiable variation in 
the urinary volume duiing the corresponding periods of the three con- 
trol days With these consider ations in mind, the correspondence 
between the calculated loss of body water and the increase in the 
urinary volume is satisfactory and supports the interpi etation of the 
excretion of sodium and potassium during this diuresis in terms of 
loss of body fluid 

The minute amounts of calcium excreted in the urine during the 
control periods were increased several hundred per cent during the 
diuiesis following merbaphen The increased excretion of calcium dur- 
ing the diuretic period was, in this instance, 6 milhequivalents Since 
the calcium content of normal interstitial fluid may be considered to be 
approximately 4 milhequivalents per liter,®” and the diuresis in this 
instance was approximately 1 liter, it appears that the calcium excieted 
was derived mainly from the extracellular body fluids lost duiing the 
diuresis 

The increase in the amount of chloride excieted during the diuresis 
was approximately 68 Gm or 190 milhequivalents The total loss of 
body fluid during the diuresis, as calculated from the increased excretion 
of base, was 1,090 cc If one assumes the chloride to be 110 milli- 

29 The “net loss in body weight” refers to the loss of weight directly attributa- 
ble to the effect of the drug, the factors of intake of food and water, blood drawn, 
stools excreted and average control urinary outputs and insensible losses of weight 
having been utilized in obtaining this value 

50 Loeb, R F , Atchley, D W , and Palmer, W W On the Equilibrium 
Condition Between Blood Serum and Serous Cavity Fluids, J Gen Physiol 
4 591, 1922 Gilbgan, Volk and Blumgart Greene, Bollman, Keith and Wake- 
field =7 
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equivalents per liter of watei in body fluid the excretion of cliloiide, 
to coi respond to the excietion of base, was about 120 milliequivalents 
This leaves an excess of 70 milliequivalents of chloiide excreted which 
cannot be accounted foi on the basis of loss of body fluid Likewise, 
duiing the periods of retention following the diuiesis (fig 1) the 
chloride retained was in excess of the base letained These findings 
will be discussed latei 

Effect of 2 cc of Metaphyllin Inti avenonsly on S D — To compaie 
the effect of the puiine diuretics with that of the mercurial diuretics in 
the same subject, 2 cc of metaphyllin^^ was injected intiavenously The 
intravenous method of administration was employed m older to render 
the results as comparable as possible Metaphyllin caused a niaiked 
increase in the urinary output (table 3) and m the amounts of sodium, 
chloiide, potassium and calcium excreted (fig 2) The diuiesis follow- 
ing the admimsti ation of metaphyllin lasted approximately nine hours 
The periods of maiked diuiesis following metaphyllin coincided with 
those following merbaphen The general relation between the various 
constituents excreted during the diuresis was similar in each period of 
marked diuiesis The peiiod of retention following metaphyllin persisted 
for a somewhat shoitei time (table 3) , this is related to the fact that 
metaphyllin caused a smaller loss of constituents of the body fluids , con- 
sequently, under the fixed regimen of the study, a shorter peiiod was 
lequired to restoie these smaller amounts 

The increased amount of sodium excreted duimg the diuresis was 
approximately 2 3 Gm or 100 milliequivalents , that of potassium, 0 46 
Gm or 12 milliequivalents, and that of calcium, 0 074 Gm or 3 7 milh- 
equivalents According to the considerations previously discussed, calcu- 
lations based on the iiici eased amounts of sodium excieted gave a \alue 
of 690 cc C X 1,000 cc ) for the extracellular fluid lost The 

potassium content of this amount of exti acellular fluid is approxi- 
mately 3 milliequivalents The lemaimng 9 milliequivalents of potassium 
excreted was presumably derived fiom inti acellular fluid, as stated,’ and 
indicates the loss of appi oximately 60 cc of cell water Of the 3 7 
milliequivalents of excess calcium excreted during the diuresis, approxi- 
mately 2 8 milliequivalents can be accounted for on the basis of the 
calculated loss of water from the inteistitial body fluids The increase 
m the amount of chloiide excreted during this diuresis was approxi- 

31 This value may be assumed to be approximately correct for interstitial 
body water Intracellular body water has a considerably smaller chloride con- 
centration Since the diuresis m this and in the following studies was mainly inter- 
stitial, this value serves as a close approximation Footnote 30 

32 Two cubic centimeters of metaph 3 dlin was diluted with 8 cc of physiologic 
solution of sodium chloride when given intravenously 
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mately 3 4 Gm oi 96 milliequivalents According to the assumptions 
previously discussed, the amount of chloiide excreted, to correspond 
to the amount of base excreted on the basis of body fluid contents, was 
83 milliequivalents The total calculated loss of body fluid during the 
nine hours of diuresis was 750 cc Considering the inherent variations 
in the volume of urine on control days, this value compares satisfac- 
torily with the observed inciease of 874 cc m the volume of urine and 
the net loss of body weight of 813 Gm dm mg this period In S D 
the purine diuretic, metaphyllm, like meibaphen, exerted its eftect pie- 
dommantlv on the extracellulai fluids, the mti acellular fluid compart- 
ment being affected to only a slight degiee 

1 cc MERBAPHEN ECCMERBAPHEN 

HOURS AFTER INJECTION HOURS AFTER INJECTION 



Fig 4 — Net effect of the intravenous administration of 1 and 2 cc of merbaphen 
on the urinary excretion of chloride, sodium and potassium in S A 

Effect of 3 Gm of Theobromme Sodium Salicylate Oially on S D — 
The oral administration of 3 Gm of theobromine sodium salicylate 
caused a tiansitory diuiesis (table 3) evident only in the first specimen 
of urine, which was voided two and a half hours after the drug had been 
given The increased amounts of the inorganic ions excreted (fig 3) weie 
too small to permit making calculations of significance in regard to 
losses of body fluid It should be noted that the retention of substances 
during the latter part of the twenty-four hour period during which the 
drug was given compensated fully for the amounts of chloride, sodium 
and water excreted in excess of the usual amounts The total values 
for sodium, chloride and volume for the twenty-four hour period were 
consequently the same as on the days when no medication was given 
The findings of some investigators who failed to observe any diuretic 
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effects aftei the administration of this drug are readily understood, 
in view of the biief diuresis and the immediately ensuing retention 
observed by us, since these mvestigatoi s measured only the total twenty- 
four hour specimens of urine 

Effect of 1 and 2 cc of Meibaphen Intiavenonsly on S A — To 
evaluate the effect of different doses of the same drug, 1 and 2 cc of 
merbaphen were given to another subject (S A ) An inciease in the 
volume of the urine and in the amounts of sodium and chloride excreted 
occurred immediately after the intravenous administration of both 1 
and 2 cc of merbaphen (table 4) The relation of the increases m the 
various constituents of the urine (fig 4) was similar to that noted in 
S D following 2 cc of merbaphen, but much less striking Two cubic 
centimeters of merbaphen was approximately three times as effective 



Fig 5 — Net effect of the intravenous administration of 1 and 2 cc of salyrgan 
on the urinary excretion of chloride, sodium and potassium m S A 

as 1 CC , and the duration of the diuresis was somewhat longer In this 
subject the urinary changes following merbaphen were not sufficiently 
great to warrant calculations of the amounts of intracellular and extra- 
cellular fluids represented by the increases m the urinary base, but the 
predominant loss of sodium indicates that the interstitial fluid compart- 
ment was drawn on mainly 

Effect of 1 and 2 cc of Salyigan Intravenously on S A — In this 
subject the diuretic effect of 2 cc of salyrgan was somewhat less than 
that of 2 cc of merbaphen (table 4) A twofold increase m the dose 
of salyrgan, i e , from 1 to 2 cc , caused approximately a twofold 
increase in the duration of the diuresis and a threefold increase in the 
total output of water, sodium and chloride (fig 5) The excretion of 

33 Grossmann, M , and Sandor, J Zur klinischen Pharmakologie der Diure- 
tika I Die Purmgruppe, Wien klin Wchnschr 38 405, 1925 
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potassium was not significantly altered The relation between tlie excre- 
tion of sodium and that of chloride in this subject was qualitatively the 
same as that following meibaphen m S D As observed follow- 
ing the other diuretics, the predominant excretion of the base sodium 
indicates that the diuresis following sal3Tgan represents fluid drawn 
mainly from the interstitial spaces 

Effect of 2 cc of Metaphyllm Intiamusculaily on S A — The diuie- 
sis following the intramusculai injection of 2 cc of metaphyllm (table 4) 
appeared as promptly as it did in the other subjects aftei intravenous 
administration and peisisted for foui and a half houis aftei the injec- 
tion (fig 6) In this patient the diuietic effect was significantly less 


TIME AFTER INJECTION OF 2CC METAPHVLLIN 



Fig 6 — Net effect of the intramuscular administration of 2 cc of metaphyllm 
on the urinary excretion and subsequent retention of chloride, sodium and potassium 
m S A 

than that caused by 2 cc of the mercurial diuietics, salyrgan and mer- 
baphen The relation between the various inorganic ions excreted was 
similar to that observed in S D following 2 cc of metaphyllm 

Effect of Two Doses of 2 cc of Metaphyllm Int) avenonsly on E W 
— The mtiavenous injection of 2 cc of metaphyllm on two separate occa- 
sions caused an inciease m the volume of urine during the first eleven 
and a half hours after administration in both instances (table 5) The 
relation between the increased amounts of inorganic ions excreted (figs 
7 and 8) was appi oximately that observed in S D and S A following 
2 cc of metaphyllm During the diuresis on the first occasion, the 
following increases were noted sodium, 53 , chloride, 41 , potassium, 5, 
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and calcium, 1 2 milliequivalents On the second occasion the increases 
were sodium, 64, chloride, 50, potassium, 6 3, and calcium, 14 milli- 
equivalents These amounts are less than those observed in S D 
following the intravenous administration of 2 cc of metaphyllin How- 
ever, the variations on control days were slight (table 5), and the rela- 
tive response in the four individual periods of diuiesis on each occasion 
was so constant (figs 7 and 8) that calculations concerning the loss 
of body fluid are significant With the considerations outlined, the 
calculated loss of body fluid represented by the increases in urinary 
sodium and potassium during the diuresis on the first occasion was 
approximately 370 cc for extracellular and 20 cc for intracellular fluid, 
making a total of 390 cc The chloride content of this amount of body 
fluid is approximately 43 milliequivalents, which compaies well with 
the actual excess excietion of 41 milliequivalents of urinary chloride 
The calcium content of this amount of body fluid is approximately 1 5 
milliequivalents and is significant!}' similar to the actual excess urinary 
excretion of 1 2 milliequivalents The inciease in urinary volume 
observed during the diuresis was 425 cc as compared to the calculated 
loss of 390 cc of body fluid Likewise, on the second occasion, the 
amount calculated for the exti acellular fluid was approximate!} 440 cc- 
and that for the intracellular fluid, 30 cc , making a total of 470 cc The 
chloride content of this amount of body fluid is appi oximately 52 mill- 
equivalents, which compares well with the observed increased excretion 
of 50 milliequivalents of urinary chloiide The calcium content could 
be expected to be 19 milliequivalents, which is compaiable to the 
observed excretion of 1 4 milliequivalents The increase in urinary 
volume observed during the diuresis on this occasion was 580 cc as 
compared with the calculated loss of 470 cc of body fluid The degree 
of correspondence of all these calculated and observed values is sur- 
prisingly close when one considers the pitfalls which may be encountered 
in the study of water and salt metabolism After the diureses caused by 
metaphyllin m E W , as in all other instances, there followed a compen- 
sating retention of water and salts (table 5) 

Uiinaiy Output of Inoi game Phosphate, InoJgamc Sulphate, Total 
Nitrogen, Ammonia and Titiatable Acid and Specific Gravity of the 
Utiiie During Diuresis — No significant changes in the urinary excre- 
tion of inorganic phosphate could be detected following the administra- 
tion of any of the mercuiial or xanthine diuretics studied Keith and 
^Vhelan likewise found no significant changes in the twenty-four 
hour urinary output of inoiganic phosphate following the administration 

34 Keith, N M , and Whelan, M A Study of the Action of Ammonium- 
Chloride and Organic Mercury Compounds, J Chn Investigation 3 149, 1926 




Fig 7 — Net efYect of the intravenous administration of 2 cc of metaphyllin on 
the urinary excretion and retention of chloride, sodium, potassium and calcium 


m E W 


TIME AFTER INJECTION OF 2 CC METAPHyLLIN 
HOURS DAYS 



Fig 8 — Net effect of the intravenous administration of 2 cc of metaphyllin on 
the urinary excretion and retention of chloride, sodium, potassium and calcium m 
E W Figure 8 is to be compared with figure 7 which also shows the effect of 
2 cc of metaph 3 dlin in this subject on another occasion 
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of 2 cc of merbaphen in normal men Other investigators have 
found a decrease in the excretion of inorganic phosphate during the 
diureses caused by metaphyllin and theobromine sodium salicylate, while 
an inci eased excietion has been obseived duiing the diureses caused 
by sodium nitrate, sodium chloride, sodium sulphate and urea The 
absence of appreciable changes in the excietion of inorganic phosphate 
duiing the diuieses observed in our studies is consistent with the con- 
cept that the effect of the diuretics studied is mainly to cause a loss of 
body water with its constituent inorganic ions The amount of inorganic 
phosphate in 1 htei of normal inteistitial fluid is appioximately from 
2 to 3 milliequivalents The largest diuresis observed in the aforemen- 
tioned studies (S D following 2 cc of merbaphen) was approximately 

1 liter Even in this instance the added amount of urinary inorganic 
phosphate which one might expect to be excreted on this basis (from 2 
to 3 milliequivalents) could not be detected accurately under the condi- 
tions of the study, since the output of inorganic phosphate m the control 
peiiods, corresponding to the nine-hour period of diuresis, varied by this 
amount The impoitant fact is, therefore, that beyond these limits no 
changes m the excretion of phosphate rvere observed following either the 
mercurial or the xanthine diuretics studied 

The excretion of inorganic sulphate was studied in divided periods 
following the admimstiation of 2 cc of merbaphen, 2 cc of salyrgan and 

2 cc of metaphyllin (tables 3, 4 and 5) The excretion of inorganic 
sulphate during diuresis did not differ appreciably in any instance from 
that m the control peiiods This finding is consistent with the fact 
that inorganic sulphate is present m extremely small amounts in normal 
body fluids 

Measurements of the output of total nitrogen m the mine were made 
for periods of twenty-four hours throughout the studies The output of 
total urinary nitrogen was not affected in any of the studies (tables 
3, 4 and 5) 

Studies of the urinary excietions of titratable acid (minus carbon 
dioxide) and of ammonia during the aforementioned diureses corrob- 
orated certain of the other findings In all the studies following the 
administration of mercuiial diuretics, with the exception of obseivations 
on S D following 2 cc of merbaphen, the additional excretions of fixed 
acid (chloride) and fixed base constituents (sodium, potassium and cal- 
cium) were so nearly the same that no change in titratable acidity or 
ammonia was anticipated, and none was found In S D following 
2 cc of merbaphen the excess chloride excreted during the diuresis 

35 Bolliger, A The Influence of the Purine Diuretics on Inorganic Phos- 
phates of Blood and Urine, J Biol Chem 7© 797, 1928 

36 Hendrix, B M , and Calvin, D B The Loss of Bases in Diuresis and Its 
Effect upon the Alkali Reserve of the Blood, J Biol Chem 65 197, 1925 
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exceeded the sum of the amounts of sodium, potassium and calcium 
excreted by approximately 20 milhequivalents The urinary excretion 
of ammonia was slightly increased, the titratable acidity remaining within 
the limits of the control variations (table 3) 

In E W on the two occasions following metaphylhn, the ammonia 
and titratable acidities were measured for periods of twenty-four hours 
The excretion of ammonia was not affected The titratable acidity 
(minus carbon dioxide) decreased appreciably on both of the days of 
diuresis This finding is m accord with the fact that the excess excre- 
tions of fixed base exceeded those of fixed acid in amounts closely 
approximating those for normal interstitial body fluids (The bicar- 
bonate or “volatile acid” of noimal interstitial fluid is approximately 
30 milhequivalents per litei -“) In S D following 2 cc of metaphylhn 
the excretion of ammonia did not differ significantly from that on control 
days , the titratable acidity was not measured In S A the excretion of 
ammonia following 2 cc of metaphylhn did not differ significantly from 
that on control days The titratable acidity tended to be lowei than 
on most of the contiol days, although on control days the vaiiation of 
titiatable acidity was such that inteipretation must be guarded The 
appaient lowering of the titiatable acidity is in harmony with the obser- 
vations on E W following 2 cc of metaphylhn 

According to the concept that the increased urinary excretion follow- 
ing the diuretics studied represents definite volumes of body fluids, 
the specific gravity of the excess fluid excreted during the diuresis would 
be approximately 1 009, a value representative of protein-free interstitial 
fluid In each period of diuresis the increased amount of urine excieted 
constituted but a part of the entire specimen of mine, the specific gravity 
of which was measured Consequently one would expect the specific 
gravity of each specimen (during the periods of diuresis) to be closer 
to 1 009 than during analogous control periods The variations in the 
specific gravity of the urine during the control periods were relatively 
great, so that an exact evaluation of the specific gravities of the addi- 
tional fluids excreted during the diuiesis is not possible in these studies 
In cases with pathologic conditions with edema, to be reported later, 
in which the specific gravities of the urine were more constant on con- 
trol days and the volume of diureses greater than those observed in this 
study, the specific gravity of the excess fluid excreted during the diuresis, 
as calculated from the specific gravities and volumes for control periods 
and periods of diuresis, was demonstrated to be close to 1 009 

37 The excretion of magnesium was not determined in anj-- of the experiments 
but probablj' the increase amounted to not more than 3 milhequivalents during any 
diuresis 
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Effect of Diwehcs on the Exaction of Watei and Salt in the Stools 
—Since appreciable amounts of water and inorganic salts are normally 
excreted m the stools, it seemed necessary, in a complete study of the 
effects of the diuretics on the water and salt metabolism, to learn to 
what extent the fecal excretion of these substances was affected by 
the -diugs The stools collected during ceitain periods when no medica- 
tion was given were analyzed for their content of water, sodium, chloride, 
potassium, phosphorus and calcium, and the results were compared with 
those obtained when diuretics were being administered (table 6) The 
fecal excretion representing periods of diuresis is necessarily calculated 
from three day periods, although the drug was administered on only 
one of these days This method is the most satisfactory one available 
and should reveal any important change in fecal excretion during the 
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* All the drugs uere given on the first daj of the period 


period of diuresis If there weie, for instance, an increase of more than 
approximately 0 1 Gm of sodium or 0 3 Gm of chloride during the 
diuresis, the letention during the remainder of the three day period m 
which the stools were examined could not possibly be entiiely compen- 
satory, even though no sodium or chloride was excreted during this 
time (table 6) 

The amounts of water and inorganic constituents m the stools repre- 
senting periods during which diuretics were given did not differ appre- 
ciably fiom the amounts of these substances present when no drugs 
nere administered (table 6) No toxic gastro-intestinal effects were 
noted clinically except in S A during period 5 (table 6) He experi- 
enced moderate abdominal cramps during the first twelve hours after 
2 cc of meibaphen, and on that day passed four small stools of normal 
consistency These findings indicate that, under conditions similar to 
those of this study, in the absence of diarrhea it is unnecessary to include 
an examination of the stools in evaluating the effect of diuretics on 
the water and salt metabolism 
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Effect of Dua etics on the Insensible Loss of VVatei — As shown b) 
Wiley and his co-woikers,^® studies of water metabolism involve four 
sources of intake, namely, the water drunk, watei in food, water of 
oxidation and pieformed water, and thiee sources of elimination, 
namely, urine, stools and insensible perspiiation The common clinical 
method of using the water diunk and the uiinary watei excreted as an 
index of change m water balance in the body is valid only for compaia- 
tives changes when all the other stated factors lemaiii relatively constant 

To determine whether m noimal peisons the increase of water m the 
urine following the administration of diuietics undei the conditions of 
our expel iments is an accuiate measuie of the increased loss of watei 
from the body, it is necessary first to deteimme to what extent the 
diuretics cause changes in the other paths of elimination, namely, the 
stools and the insensible perspiration It has been shown that the vaiious 
diuretics caused no appieciable changes m the amount of water secreted 
in the stools This factor, theiefore, need not be taken into account in 
evaluating compara'tive losses of water fiom the body m contiol periods 
and m periods of diuresis 

The insensible loss of weight has been studied m S D and S A 
(table 7) dining control peiiods and during similai penods following 
the admimstiation of diuretics For purposes of compaiison, calcula- 
tions have been made foi the periods including the four and a half hours 
from 9 30 a m to 2 p m , the routine schedule (table 1) including din- 
ner at 12 noon being adheied to as usual In each instance the subjects 
remained m bed m a sitting oi lying posture The room temperature was 
not above 78 F , the humidity relatively constant, and the activity of the 
subjects controlled for the expei imental periods The diuretic was admm- 
istei ed m each case at 9 30 a m , and the greatest diuresis always 
occurred between that time and 2 p m Consequently whatever changes 
occuired m insensible loss of water coincident with an increase m uim- 
ary output duiing the diuresis would be apparent in this period 

The following considerations aie necessary for the interpretation 
of the data The total insensible loss is calculated fiom the following 
foimula insensible loss of weight = weight at 9 30 a m — (weight at 
2pm — ingesta -}- urine stool -f- blood drawn) The insensible loss 
of weight IS the resultant of the weight of the insensible water lost, 
the weight of the carbon dioxide exhaled and the weight of the oxygen 
absorbed Expiessed as an equation m which the weight of each 
substance is employed insensible loss of weight == H^O -f- (COo — On) 

38 (a) Wilej% F H, and Newburgh, L H Tlie Relationship Between the 
Environment and the Basal Insensible Loss of Weight, J Clin Investigation 
10 689, 1931 (6) Newburgh, L H , Wiley, F H , and Lashmet, F H A 

Method for the Determination of Heat Production Over Long Periods of Time 
ibid 10 703, 1931 
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The (CO 2 — O 2 ) factoi is a function of the metabolic mixture utilized 
by the patient and amounts to a small portion of the total loss, which 
portion may be considered constant under the conditions of our studies 
The changes in total insensible loss of weight therefoie represent a 
measure of the changes m the insensible loss due to water In S D 
the insensible loss was determined foi thiee control periods fiom 9 30 
a m to 2 p m and gave an aveiage of 89 Gm per hour Similarly, 
determinations made after the administi ation of 2 cc of merbaphen, 3 
Gm of theobiomme sodium salicylate and 2 cc of metaphylhn averaged 


Table 7 — Insensible Loss 0/ IVatet Dm mg the Fust Font and a Half Homs Fol- 
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37 
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79 Gm pel hour ^ Compaiative figures foi peiiods during which there 
■was a retention of sodium, chloride and water following the diureses 
caused by merbaphen and metaphylhn averaged 71 Gm per hour 

In S A the insensible loss was determined on six contiol days and 
aieraged 39 Gm per hour The results of similar determinations made 
following the administration of 1 and 2 cc of merbaphen, 1 and 2 cc 
of salyrgan and 2 cc of metaphylhn aveiaged 42 Gm per hour The 
results of determinations made on four different da 3 'S during the periods 

of retention following diuresis gave an average insensible loss of 52 Gm 
per hour 

The variabilit}- m the total insensible loss for the four and a half 
hour periods studied was considerable on control days This same 
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observation was made by Wile} and Newburgh"®'' who cited the dift> 
culties of determining complete watei balances ovei short periods of 
time The fluctuations m the volume of uime dm mg the afoiementioned 
individual peiiods of control da}s weie not significantly dependent on 
these relativel} minoi fluctuations in insensible loss of water 

The various diuretics produced no significant effect on the insensible 
loss of water dm mg the periods of diuiesis oi letention The variability 
in the amount of the insensible loss of water dining the peiiods of 
diuresis and retention was similar to that of the control peiiods 
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These findings lead to the conclusion that the effect of diuretics m 
normal persons can be evaluated without introducing calculations of 
the insensible loss of water, provided the conditions of lOom tempera- 
tuie, humidity and activity of the subject are conti oiled as they were in 
these studies 

Effect of Dim ekes on Senim Constituents — The results of repeated 
analyses of the blood serum for sodium chloride and specific gravity 
at mteivals before, during the height of and after the diuresis did not 
diftei appreciably from those obtained at similai times on control days 
(table 8) Since the urinar\ analyses showed that the increased excre- 
tions during these periods of diureses, in which hematologic studies were 
made (table 8), were of the approximate composition of body fluids, one 
rvould not expect a measurable change in the concentrations of the serum 
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electrolytes studied in these instances Keith and Whelan analyzed the 
blood of normal subjects for various constituents before, and approxi- 
mately SIX and twenty-four hours after, the administiation of merbaphen 
No constant changes were observed, but in the absence of measurements 
of the urine during the first few hours after the administiation of the 
drug the significance of their results is not clear In S D , calcula- 
tions of the nature of the fluid excreted dining the diuresis following 2 
cc of merbaphen showed the excretion of chloride to be somewhat m 
excess of that expected on the basis of the chloride composition of a vol- 
ume of body fluid equal to the volume excreted during the diuresis 
Analyses of serum were not made in this instance Since the total amount 
of urine excreted during the period of diuresis was approximately 1 liter. 
It seems possible that a slight measurable lowering of the serum chloride 
concentration might have been detected In a series of cases of pathologic 
edema, to be reported later, in wbich salyrgan and merbaphen caused 
diureses of from 1 to 5 liters, analyses of the serum chloride usually 
showed appreciable decreases (amounting to as much as 10 milliequiv- 
alents in one instance), and the serum bicarbonate showed closely com- 
pensatory increases The serum base was unchanged The reported 
hematologic observations following diuietics in pathologic conditions 
have been adequately reviewed by Schmitz 

Effect of Diwetics on the Rate of Glome) tilai Filtiation and TuhnJai 
Reahsoi ption — According to the current concept of renal function the 
increased excretion of water and certain moigamc ions following diu- 
retics may be accomplished by an increase m glomerular filtration or by 
a decrease in tubular reabsorption, these changes being either absolute 
or relative To estimate the relative impoitance of these two factors 
during the diuresis we have measured the rate of glomerular filtration 
and of tubular reabsorption accoiding to the method of Rehberg,'" 
slightly modified (table 9) The validity of the Rehberg test as a meas- 
ure of the rate of glomerular filtration is not universally accepted Even 
though the method may contain absolute eiiors, relative changes before 
and during the diuresis may still proride insight into the action of the 
diuretics The technic used differed from that desciibed by Rehberg 
in that no creatinine was fed and the Folin method of measure- 
ment of creatinine was employed It seemed inadvisable to feed 
creatinine in these studies since its effect on water and salt metabolism 
IS not established The modified method employed was satis- 
factory for oui purposes Check analyses of the same sam- 
ples of blood serum and of urine showed good agreement The 
values for serum creatinine varied somewhat from day to day in the 

39 Schmitz, H L The Effect of Euphyllin and Salyrgan upon Glomerular 
Filtration and Tubular Reabsorption, J Clin Investigation 11 1075, 1932 
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same subject, but repeated analyses at different times on a given day 
during the periods studied showed that the value for serum cieatinine 
was constant The values found piobably include other chromogemc 
substances besides creatinine, but for the compaiative purposes of this 
study such a limitation does not seem important These considerations 
aie corroborated by studies in two additional subjects in whom the 
amount of cieatimne in the blood was increased by cieatimne feeding 
to approximately 6 mg per hundred cubic centimeters In these instances 
the results before and duiing the diuresis lead to the same interpretation 
of the effects of the diuretics as in the instances in which creatinine 
was not fed 

The rate of glomeiular filtration as measured by the creatinine 
clearance was not altered significantly during periods of marked diuresis 
following either the xanthine oi the mercuiial diuretics (table 9) The 
volume of urine excreted per minute and the excietion of chloride 
during the diuresis weie at times several hundred per cent gi eater than 
dm mg contiol periods and bore no relation to changes in the rate of 
glomerular filtiation In S D , foi instance, the rate of glomerular 
filtration on the day when no medication was given was 106 cc per 
minute during the period fiom 9 30 a m to 12 noon, and the volume of 
urine was 0 9 cc per minute During similar periods following 2 cc of 
metaph 3 dlin and 3 Gm of theobromine sodium salicylate the rates of 
glomerular filtration were 91 and 80 cc pei minute and the volumes of 
mine, 4 and 2 7 cc pei minute, lespectively (table 9) 

These results indicate that the diuresis obseived in our subjects 
cannot be attributed to changes in the late of glomerular filtiation 
Values for urea clearance following diuretic drugs were also obtained 
in certain instances (table 9), and the findings are in agieement with 
this concept 

The amount of tubular reabsorption has been calculated by subtract- 
ing the volume of urine m cubic centimeters pei minute from the rate 
of glomerular filtiation m cubic centimeters per minute To i educe 
our results to a comparable basis, the tubulai leabsoiption has been 
expressed in percentage of the late of glomerulai filtration foi each 
period A decrease in the percentage of tubular reabsorption was 
observed in eveiy instance during the diuresis Similar calculations on 
the basis of the amounts of sodium and chloride present in the seium 
and urine show that the tubular reabsorption of sodium and chloride 
IS likewise i educed following the administration of these diuretics 
These observations indicate that in normal subjects the increased excre- 
tion of water and salts by the kidneys, following the diuretics studied, 
is accomplished by a relative decrease in the tubular reabsorption of 
these substances Likewise Schmitz,®® m experiments on dogs, and 
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Herrmann and his co-workers/” m studies on patients with cardiac 
edema, have shown that the mercurial diuretics cause a decrease in the 
percentage of tubular reabsorption with no significant efiect on the 
rate of glomerular filtration These authors, however, found significant 
increases m the rate of glomerular filtration following metaphylhn 
The conditions under which these results were obtained differed in 
important respects from those employed in our studies Since Schmitz 
gave to dogs the same amount of metaphylhn as we administered to 
our subjects, the dosage m his experiments was proportionately many 
times greater The dosage of metaphylhn employed by Herrmann was 
also laiger than the usual clinical dose used by us, and his studies were 
made on patients with cardiovascular disease Under these conditions 
this drug may act in a different manner Our results, which indicate 
that 111 normal persons the diureses following both the mercurial and 
the xanthine diuretics cannot be attributed to increases m rates of 
glomerular filtration, are m haimony with those obtained m normal sub- 
jects by Chiometzka and his co-workers and by Gavazzeni,^- who 
used the usual Rehberg method with the feeding of creatinine 

COMMENT 

There are certain points m common to all the aforementioned studies 
of the water and salt metabolism in normal subjects following the admin- 
istration of both the xanthine and the mercurial diuretics 1 The output 
of water, sodium, chloride, potassium and calcium is increased aftei the 
diuretics (fig 9) 2 The increases in water and in the bases — -sodium, 

potassium and calcium — bear a constant relation to each other , the data 
indicate that the fluid lost from the body during diuresis was derived 
mainly from the inteistitial body compartment 3 There is no 
significant change in the phosphate, sulphate, ammonia or total 
nitrogen metabolism 4 The increases in the excretion of water and 
fixed base in the urine following the various diuretics represent the 
loss of equivalent volumes of body fluids with their basic constituents 
5 The water and salts lost from the body of these subjects 
with normal water balances during the diuresis are regained 
by a compensatory retention 6 There is no significant change 
in the insensible loss of water or m the water or salt content of the stools 

40 Herrmann, G , Stone, C T , and Schwab, E H Some Studies on the 
Mechanism of Diuresis m Patients with Congestue Heart Failure, Tr A Am 
Physicians 4i7 279, 1932 

41 Chrometzka, F, and Unger, K Untersuchungen uber die Grosse des 
Glomerulusfiltrats unter dem Emfluss von Dmreticis und Hormonen, Ztschr f d, 
ges exper Med 80 261, 1931 

42 Gavazzeni, M Filtrato glomerulare e diuretici, Policlinico (sez med ) 
30 236, 1932 
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7 In the instances reported no significant changes were observed when 
repeated analyses of the blood seium for sodium, chloride and specific 
gravity were made at intervals before, during the height of, and after, 
the diuresis 8 Measurements of the late of glomerular filtration and 
tubular reabsorption according to the method of Rehberg, somewhat 
modified, indicate that the increased excretion of watei and salts is 
accomplished by a relative deciease in tubular reabsorption, the rate of 
glomerular filtration remaining unaffected 



9 — Summary ol the net effect of the diuretic drugs on the duration of 
diuresis and on the excretion of water, chloride, sodium, potassium and calcium 

The output of chloiide following the xanthine diuretics compared 
well with that expected from the loss of body fluid as calculated on 
the basis of the losses of watei and fixed base Following the mercuiial 
diuretics, the excretion of chloiide was somewhat greatei than that 
expected Corresponding with these findings the titiatable acidity was 
decreased following the xanthine and unchanged following the mercurial 
diuretics 

These considerations show that in general the effect of the difteient 
diuretics studied is qualitatively the same, the essential difference being 
in the magnitude and duration of the effect A general comparison of 
the magnitude and duration of the effect of the various diuretics in our 
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subjects (fig 9) reveals reasons for the many discrepancies between the 
results reported in the literature Previous studies have been concerned 
mainly with a comparison of the effect of diuretics in different patients 
who have shown considerable variation in their clinical state, or they have 
been confined to the effect of one type of diuretic on the twenty- foui 
hour specimens of urine of normal persons Under the standard condi- 
tions employed m the present investigation, examination of the numerous 
specimens of urine has shown that the mercurial and xanthine diuietics 
have a general relation to each other in regard to their potency in the 
same subject The mercurial diuretics, merbaphen and salyrgan, were 
more effective than the xanthine diuietics, metaphylhn and theobromine 
sodium salicylate, when the usual clinical dose was administered This 
relation was piesent consistently in each subject (fig 9) The period of 
maximum diuresis generally occurred duimg the first two and a half 
hours following the xanthine, and between two and a half and four and a 
half hours following the mercurial diuretics The general level of 
response to all the diuretics was greater m one subject than m anothei 
S D showed a greater response to merbaphen than S A , and a greater 
response to metaphylhn than either S A or E W This variation m 
response to the same diuretic in different subjects emphasizes the value 
of comparative studies in the same person The difference m response 
shown by various subjects may be related to body size The largest 
response to a given diuretic was always observed in the largest subject 
( S D ) , in whom the total amount of body fluids available for excretion 
was presumably the greatest Although the size of the kidneys may also 
be an important factor, the same relation between the magnitude of 
the diuresis and the amount of body fluid available for excretion has 
also been observed by us in pathologic conditions with edema , i e , in 
a patient with edema the diuretic effect of a drug decreases as the patient 
becomes less edematous Further, the work of Lie indicates that m 
a normal subject the diuretic response to caffeine is increased when 
isotonic salt solution is administered previous to the diuretic The dura- 
tion of the effect of the diuretics, likewise, showed consideiable varia- 
bility from person to person, although, m general, the magnitude and 
duration of effect were directly related to one another 

In comparing the effects of the diuretics there is an underl}-ing 
assumption that under strictly comparable conditions in the same person 
a given amount of a drug produces a closely similar effect on different 
occasions To test the validity of this assumption, the same amount 
of metaphylhn was given to E W on two separate occasions when his 
condition by all available tests seemed the same Both times the responses 
were m satisfactoiy agreement in regard to the relation between the 


43 Lie, E Caffein and Diuresis in Man, Am J Physiol 92 619 1930 
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various constituents and the absolute amounts excreted Similarly, when 
different doses of the same diuretic were given to the same subject 
there was a definite relation between the amount of the dose and the 
magnitude and duration of the response Doubling the dose approxi- 
mately doubled the duration of the effect and trebled the magnitude of 
the diuresis 

Throughout this investigation repeated examinations of the urine 
were made for albumin, casts and cellular elements No evidences of 
possible irritative renal effects were observed Except for vomiting 
after 4 Gm of theobromine sodium sahcjdate by mouth in the same sub- 
ject and for abdominal cramps, but no watery diarrhea, after 2 cc of 
merbaphen, no toxic effects were noted after any of the diuretics 

As shown previously in this communication, the proportions of the 
individual bases m the extra amounts of fixed base excreted dining the 
diuresis were the same as those in the body fluids, and these bases were 
excreted with an extra volume of water which, in general, conformed 
to the expected amount of body fluid 

These considerations indicate that the diuretics cause an excretion 
of definite volumes of body fluids The increase in the fixed bases 
excreted in the urine during diuiesis is the base content of the body 
water lost This finding leflects the obstinacy with which the organism 
maintains the constancy of the total electrolyte concentration of its 
internal environment and is a further illustration of homeostasis 
These results of the action of diuretics aie analogous to the observations 
of Gamble and his co-workei s '■* in studies of the metabolism of a fasting 
subject and fuinish strong support for his inteipretation of the urinary 
excretion in his subject in terms of body fluids The calculations of 
the relative percentages of intracellular and extracellular water excreted 
indicate that the source of the body watei excreted was almost entirely 
extracellular, the intracellulai amounts being only 10 per cent 
or less of the total While such calculations are inevitably only approxi- 
mations, they are in accord with the concept of the importance of the 
lability of the extracellular body fluids in maintaining the constancj’ of 
the volume of intracellular fluids This is suggested not only by the 
smaller amounts of mti acellular fluid excreted, as indicated by the excre- 
tion of potassium (fig 9), but also by the fact that the excietion of intra- 
cellular fluid tended to be greatei aftei the initial withdrawal of consid- 
erable amounts of extracellulai fluids (figs 1 and 2) This action of 
the mercurial and xanthine diuretics m liberating more readily the extra- 

44 Cannon, W B The Wisdom of the Body, New York, W W Norton 
fi. Company, 1932 



BLUMGART ET AL— ACTION OF DIURETICS 


79 


cellular water in the body is similar to the action of the acid-pi oducing 
salts in the patients studied by Gamble and his co-workeis 

The amounts of water and salts retained during the periods follow- 
ing diuresis consistently amounted to somewhat more than the amounts 
lost dm mg that period (figs 1, 2 and 6) This slight ovei compensation 
was followed by a secondary excess output immediately following, which 
resulted m the i estoration of the original store of body water This phe- 
nomenon of overcompensation is often encountered m the study of 
physiologic mechanisms The compensatory retention of substances lost 
dm mg dimesis m normal subjects is m marked contrast to the course of 
events following the dissipation of edema with diuretics m pathologic 
conditions 

To gam information regarding the mechanism of dimesis m our 
subjects, studies of the blood for sodium, chloride and specific gravity 
were lepeatedly made at mteivals befoie, during the height of, and after, 
the diuresis The negative results of these studies are opposed to the 
opinions of investigators who believe that diuresis following diuretic 
drugs IS initiated by the kidneys m response to measurable changes m 
the blood Our results are in accoid with the theory that a loss of the 
various inorganic ions and of water by the blood stream is immediately 
compensated by an influx from extravascular sources The considera- 
tions discussed eailiei m this communication indicate that the sources of 
this extravasculai fluid aie predominantly extracellular and to only a 
slight extent intracellular 

Experiments to elucidate the nature of the action of the various 
diuretics on the human kidney are difficult to design Assuming the 
validity of the considerations underlying the determination of the rate 
of glomerular filtiation by the method of Rehberg, oui studies show 
that m normal subjects neither the mercurial nor the xanthine diuretics 
studied have an effect on the late of glomerular filtration but cause an 
increase in the amount of mine and its constituents by a relative decrease 
m tubular reabsorption 

CONCLUSIONS AND SUMMARY 

1 Eleven studies on thiee normal subjects were undertaken m order 
to define more accurately the nature and mechanism of the action of 
diuretics 

2 Four diffeient diuretics ivere administered salyrgan and mer- 
baphen of the mercuiial group, and metaphyllm and theobromine sodium 
salicylate of the xanthine group The relationship between the amount 
of the drug given and the magnitude of the diuretic response was studied 

45 Gamble, J L , Blackfan, K D , and Hamilton, B A Study of the Diuretic 
Action of Acid Producing Salts, J Chn Investigation 1 359, 1925 
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3 The regimen employed afforded sufficient constancy of watei and 
salt metabolism of the body to evaluate the effects of medication A 
constant uniform diet and the same measured amounts of water were 
given at specified times every day throughout these studies Likewise, 
specimens of urine were collected at specified times at short intervals 
during the day 

4 All the diuretics studied caused an increased output of water, 
sodium, chloride, potassium and calcium No significant change occurred 
in the metabolism of phosphate, sulphate, ammonia or total nitrogen 

5 Interpretation of the results on the basis of the salt content of 
body fluids has been made to gam information as to the source of the 
increased output of water and inorganic salts following the administra- 
tion of the diuretics The relation between the increased amounts of 
water, sodium, potassium and calcium excreted after a diuretic is approx- 
imately the same as that existing in the body fluids The increased 
amount of chloride excreted during the periods of diuresis after the 
xanthine diuretics is likewise approximately the same as that existing 
in an equivalent amount of body fluid , aftei the mercurial diuretics the 
excretion of chloride is somewhat greatei 

6 Analysis of the amounts of sodium and potassium excreted on the 
basis of the concentrations in which they exist in the extracellular and 
intracellular fluids shows that the diureses represented a predominant 
loss of extracellular body fluids, the intracellular loss being only 10 per 
cent or less of the total 

7 The increased amounts of calcium m the urine during diuresis aie 
mainly derived from the body fluids excreted 

8 The water and salts lost from the body in normal subjects during 
diuresis were regained by a compensatory retention which began imme- 
diately on the cessation of diuresis On the constant dietari' regimen 
employed, the greater the diuresis, the longer was the time necessary 
for the body to regain its lost fluid 

9 A relationship was evident between the magnitude of the diuretic 
lesponse and the amount of body fluids available for excretion , i e , the 
greatest diuretic response to a given drug was observed in the largest 
subject 

10 In general, merbaphen pioduced a slightly greatei effect than 
the same amount of salyrgan , the xanthine diuietics caused a smaller 
response than a comparable clinical dose of the mei ciirial diuretics 

11 Doubling the dose of salyrgan and of meibaphen approximately 
doubled the duiation of the diuresis and appi oximately trebled its 
magnitude 
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12 Neither the xanthine nor the mercurial diuretics caused meas- 
urable changes m the specific gravity or in the sodium or chloride con- 
tents of the blood serum during the height of, or after, diuresis m these 
normal subjects The negative lesults of these studies are opposed to 
the opinions of investigators who believe that diuresis following diuretic 
drugs is initiated by the kidneys in response to measurable changes in 
some of these constituents m the blood 

13 The rate of glomerulai filtration, measured by the method of 
Rehberg (modified), appeared to be the same during the diureses caused 
by both the mercurials and the xanthines as it was on the contiol days 
This suggests that the diureses observed in our subjects were not related 
to changes in the rate of glomerular filtration 

14 The percentage of tubular reabsorption, on the othei hand, was 
always found to be decreased, and the decrease was m propoition to 
the diuretic effect 

15 The diuretic effects of the various drugs studied were qualita- 
tively similar, the differences being in magnitude and duration rather 
than in kind 



JERUSALEM ARTICHOKE IN THE TREATMENT 

OF DIABETES 

LEO K CAMPBELL, MD 

CHICAGO 

The purpose of the expeiiments was to determine whether the car- 
bohydrate contained in Jerusalem artichoke is more available for the 
nutation of certain subjects with severe diabetes than equal quantities 
of other carbohydrates Feeding experiments weie carried out with 
two human subjects with severe diabetes and with a completely phlorhi- 
zmized dog 

DIABETIC SUBJECTS 

Case 1 — R P , a man, aged 38 years, first had symptoms of diabetes at the 
age of 29 years The disease had run a rapid course, and to the date of the 
experiments the patient had had a quantitative diet with insulin for seven years. 
During this time he had been continuously under the observation of Dr R T 
Woodyatt, and was an intelligent, trained and experienced patient His usual 
diet contained carbohydrate 105, protein 127 and fat 183, on which he remained 
m good health, but not free from morning glycosuria on an insulin dose of 75 
units 

Case 2 — H E, a man, aged 49 years, had had diabetes since the age of 40 
and had required treatment with insulin for seven years This patient was very 
intelligent and a trained and experienced patient who had been under Dr R T 
Woodyatt’s observation continuously for seven years His customary diet con- 
tained carbohydrate 94, protein 74 and fat 181, with calories 2,301 and an estimated 
dextrose equivalent of 155 Gm on which the urine was usuall}' free from sugar 
with an insulin dosage of 50 units, divided into 40 m the morning and 10 m the 
evening 

JERUSALEM ARTICHOKE 

The product used consisted of dried slices of the tuber Helianthus tuberosus 
The product was analyzed for carbohydrate by hydrolysis, reduction and polaris- 
copy , for total nitrogen by the Kjehldahl method, for fat by desiccation and 
extraction by ether, and for water bj’’ desiccation and total ash by weight after com- 
bustion Total protein was estimated as 6 25 X total nitrogen The data obtained 
are shown in table 1 

Lcviilose — Weighed parts of the desiccated product weighing from 1 to 20 Gm 
were hydrolyzed with from 200 to 500 cc of 0 9 per cent hydrochloric acid at 
water-bath temperature During the process samples of the h 3 fdrolysate were 


This investigation was financed by Pabst Dietary Products Inc , of Milwaukee 
From the Department of Medicine of Rush Medical College of the University 
of Chicago and Presbyterian Hospital 

1 The D, or available dextrose, was calculated by the formula D=:C-j- 
058 P + 01 F 
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drawn of¥ and analyzed at intervals of fifteen minutes to determine the time at 
which the reducing power had reached a maximum The maximum was usuall}' 
reached at the end of two hours and a half, before Avhich hydrolysis was incom- 
plete and after which darkening of the fluid and loss of reduction showed the 
destruction of some carbohydrate The hydrolysate was cooled rapidly and was 
exactly neutralized to litmus while m an ice bath The portion to be used for 
polariscopy was cleared with blood charcoal The reducing power was determined 
by modification of the Fohn colorimetric method for the determination of sugar 
in the blood The hydrolysates were always strongly levorotatory The levorota- 
tion and reducing power expressed in terms of levulose are shown m table 2 


Table 1 — Analysis of Jeutsalein Aitichoke 








Fiber and 


Garbo 





Undetermined 


hydrate. 

Protein, 

Pat, 

Water, 

Ash, 

Constituents. 

Analysis 

per Cent 

per Cent 

per Cent 

per Cent 

per Cent per Cent 

1 

()8 2 

72 

05 

4 0 

59 


2 

08 9 

74 

05 


5 8 


3 

09 9 

73 





4 

C9 5 






5 

07 4 






6 

07 9 






7 

70 0 






8 

08 0 






9 

GS6 






Average 

08 8 

73 

0 5 

40 

58 

13 0 


Table 2 — Levulose in 

Hydt olysates of Jeiusalem Ai 

tichoLe 


Levulose by 

Levulose by 


Reduction, 

Polariscopy, 

Analysis 

Gm 

Gm 

1 

5 40 

20 

2 

5 51 

24 

3 

5 59 

2 1 

4 

5 50 

2 2 

5 

5 39 

21 

0 

5 43 

22 

7 

5 00 

20 

8 

5 49 

21 

9 

5 49 

2 1 

Average 

5 50 

21 


As both the levoiotation and reducing power disappeaied after fei- 
mentation with yeast it appeared that a large portion of the i educing 
substance was levulose The hydrolysate always gave a strong test for 
ketoses 


EXPERIMENTS 

Expeitment l—Phlonmced Dog — After a dog, weighing 115 Kg, had fasted 
for twenty-four hours, the animal was given 1 Gm of phlorizin subcutaneously 
every twenty-four hours during the experiment, which was carried out m eight 
hour periods Deglycogenization was accomplished with 0 04 cc of epinephrine 
hydrochloride in a 1 1,000 dilution, per kilogram, given every four hours, until 
the dextrose-nitrogen ratio became constant The results of the first six periods 
are shown in table 3 
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In periods 3, 4 and 5 the dextrose-nitrogen quotient was constant at an average 
of 3 03, giving a glycogenic factor for protein for this dog of 3 03/625, or 0 48 
During those three periods 32 2 Gm of dextrose was excreted Allowing for this 
caloric loss, the animal was given one sixth of its basal caloric requirements as 
half milk and half 22 per cent cream every four hours 

At the beginning of the fifteenth period the feedings were changed in an attempt 
to bring about a nitrogen equilibrium In periods 8 to 12, 107 calories in the 
form of dextrose was lost in the urine each twenty-four hours At this time the 
animal weighed 10 25 Kg The nitrogen excreted in periods 10 to 12 was 7 8 Gm 
Allowing 30 calories per kilogram above the urinary loss of calories as dextrose 
and adding sufficient casein to give 78 Gm of nitrogen each twenty-four hours, 
the twenty -four hour feeding requirement was calculated as 57 Gm of 33 per cent 


Table 3 — Results of DeglycogcntaaHon of Dog Dunng Fust Si\ Powds 


Period 

Feeding 

Dextrose m 
Urine, Gm 

^lt^ogcn in 
Urine, Gm 

D/N 

1 

0 

15 23 

18 

8 40 

2 

0 

10 02 

31 

3 43 

3 

0 

10 40 

33 

2 97 

4 

0 

11 12 

37 

300 

5 

0 

11 04 

37 

311 

6 

0 

12 SO 

30 

3 52 



Table 4 — Results of Dcglycogcmcahon of Dog 

Foul feenth Periods 

Diuuig Seventh 

to 

Period 

Feeding 

% Cream, % Milk, 
Gm 

Dextrose in 
Urine, 

Gm 

isitrogen in 

Urine, 

Gm 

D/^ 

7 

4S / 

48 ) 

15 51 

34 

4 50 

8 

Same as 7 

12 54 

31 

4 04 

9 

Same as 7 

12 43 

2S 

4 44 

10 

Same as 7 

10 80 

27 

4 00 

11 

Same as 7 

9 95 

2 0 

3 62 

12 

Same ns 7 

11 54 

25 

4 50 

13 

Same as 7 

10 53 

24 

4 39 

14 

Same as 7 

910 

2 5 

3 00 


cream and 52 Gm of casein Fift 3 '-nme cubic centimeters of 33 per cent cream 
was diluted with water to exactly 300 cc To 50 cc of this diluted cream 8 66 
Gm of casein was added, and the mixture was fed cvevy four hours without 
difficulty 

In periods 17 to 19, or the three periods preceding the feeding of Jerusalem 
artichoke, the average amount of dextrose excreted per period was 12 35 Gm and 
the average amount of nitrogen was 3 7 Gm while the average dextrose-nitrogen 
quotient was 3 32 It will be noted that the diet of cream and casein stabilized 
the excretion of dextrose and nitrogen 

In period 20, 10 Gm of pulverized drv slices of Jerusalem artichoke were 
added to each of two feedings 

dextrose from artichoke was 15 23— (3 5 X 3 32) = 
3 61 Gm , in period 21, 17 39 — (3 9 X 3 32) = 4 44 Gm , in period 22, 13 93 — 
( X 3 32) — 1 31 Gm , making the total extra dextrose excreted 9 36 Gm 

specimens of urine from periods 20, 21 and 22 were dextrorotatory, and 
the dextrose talue determined polariscopically agreed with that calculated from 
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reduction determinations The reducing substance was fermented by yeast The 
average amount of dextrose excreted in each of periods 23, 24 and 25, or the three 
periods following the feeding of Jerusalem artichoke, was 12 25 Gm , and the 
average amount of nitrogen was 3 5 Gm The theoretical quantity of dextrose 
available from 20 Gm of Jerusalem artichoke as calculated from the formula was 
D = C + 0 48 P + 01F = 72 4X0 20 = 14 48 Gm The percentage of the 
theoretical available dextrose obtained as extra dextrose was 9 36/1448 X 100, or 
64 6 per cent This figure is comparable to those obtained by Sansum and Wood- 
yatt," who found that from 52 to 75 per cent of the feeding was extra dextrose 
when quantities of from 8 to 16 Gm of pure dextrose were fed 


Table 5 — Feedings of Dog to Establish Nitrogen Eqmlibimin 



Feeding 





r~ “ > 

Dextrose in 

Nitrogen in 



Cream Mix Casein, 

Drine, 

Urine, 


Period 

ture, Cc Gm 

Gm 

Gm 

D/N 

15 

50 8 66 } 

50 8 66 i 

11 69 

3 2 

3 64 

16 

Same as 15 

12 02 

37 

3 25 

17 

Same as 15 

12 19 

37 

3 27 

18 

Same as 15 

12 19 

37 

3 27 

19 

Same as 15 

12 65 

37 

3 42 


Table 6 — Excietions of Dog Dining and FoUoiving Feeding of Jerusalem 

Ai txchoke 


Feeding 

- 




-j- 

\ 





Cream 


Jerusalem 

Dextrose in 

Nitrogen in 



Mixture, 

Casein, 

Artichoke, 

Urine, 

Drine, 


Period 

Cc 

Gm 

Gm 

Gm 

Gm 

D/N 

20 

50 

8 66 

10 1 

15 23 

3 5 

4 35 


5U 

8 60 

10 5 




21 

50 

8 60 

ni 

17 39 

39 

4 40 


50 

8 60 

0 5 




22 


Same as 21 


13 93 

38 

3 06 

23 


Same as 21 


12 29 

36 

3 41 

24 


Same as 21 


12 36 

3 5 

3 53 

25 


Same as 21 


12 09 

34 

3 50 


Experiment 2 — Diabetes Melbtns (case 1) — The patient, weighing 69 Kg, 
was receiving a diet of carbohydrate 82, protein 74 and fat 179, with D 143 and 
calories 2,233 Thirty-two units of insulin before breakfast, 16 units before the 
evening meal and 4 units at 3 a m permitted a slight glycosuria during the entire 
twenty-four hours, without acidosis This diet and the insulin were used in all 
of the control periods During the feeding periods oatmeal or Jerusalem artichoke, 
each calculated to produce 23 Gm of available dextrose, was added to this diet, 
but the dosage of insulin was kept constant Insulin from the same batch was 
used during the entire experiment To make sure that the daily collections of 
urine were complete, creatinine determinations were made on each twenty-four 
hour specimen by the method using picramic acid The urinary dextrose was 
determined by the Folin-Berglund method and checked by polariscopy, and the 
total nitrogen was determined by the Kjeldahl process 


2 Sansum, W D , and Woodyatt, R T J Biol Chem 24 23, 1916 
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The average amount of dextrose ni the urine for the period preceding the 
special feedings was 10 62 Gm , and that of nitrogen, 9 3 Gm Oatmeal calculated 
to give 23 Gm of available dextrose and 0 8 Gm of nitrogen was added to the 
diet The dextrose m the urine rose to an average of 11 27 Gm and the nitrogen 
to 10 5 Gm The oatmeal was then removed from the diet and the average amount 
of dextrose in the urine dropped to 6 76 Gm and that of nitrogen to 10 Gm 
During the period when oatmeal was in the diet the average daily increase in the 
amount of urinary dextrose above the average of the fore and after periods was 
2 58 Gm 

The average amount of dextrose excreted m the urine during the period pre- 
ceding the feeding of Jerusalem artichoke was 9 09 Gm , and that of nitrogen was 
11 Gm Jerusalem artichoke calculated to give 23 Gm of available dextrose was 
added to the diet The average daily excretion of dextrose rose to 13 66 Gm and 
the nitrogen to 11 3 Gm 

The daily specimens of urine during this period were dextrorotatory, and the 
dextrose value determined polanscopically agreed with that calculated from reduc- 
tion determinations The reducing substance w'as fermented by jeast 

The artichoke was then removed from the diet, and the a\eiage amount of 
dextrose m the urine dropped to 821 Gm and that of nitrogen remained at 11 3 
Gm The average daily increase in the urinary dextrose while artichoke was 
included in the diet was 5 01 Gm It will be noted that the a\ erage amount of 
dextrose excreted in the periods preceding and following the experiment with 
oatmeal was 8 69 Gm and in the experiment with artichoke 8 65 Gm 

Expejiment 3 — Diabetes Melhtus (case 2) — The patient, weighing 60 Kg, 
was receiving a diet of carbohydrate 92, protein 54 and fat 172, with D 141 Gm 
and calories 2,132 Thirty-six units of insulin taken before breakfast and 16 units 
before the evening meal permitted a slight glycosuria during the entire twenty-four 
hours, without acidosis Insulin from the same source as that of experiment 2 
was used The experiment wxis carried out by the same procedure used m experi- 
ment 2 

The average amount of dextrose in the urine before the special feedings \vas 
9 42 Gm and that of nitrogen 8 2 Gm While oatmeal was included in the diet 
the average amount of dextrose in the urine rose to 17 06 Gm and that of nitrogen 
to 8 7 Gm In the period following, the average excretion of dextrose was 7 66 
Gm and that of nitrogen 7 9 Gm The increase in the amount of urinary dextrose 
when oatmeal was fed was 8 52 Gm 

The average excretion of urinary dextrose of the period preceding the feeding 
of the Jerusalem artichoke was 6 26 Gm and that of nitrogen 8 8 Gm During 
the period when the Jerusalem artichoke was given the average amount of dextrose 
excreted daily in the urine was 8 47 Gm and that of nitrogen 8 4 Gm The 
reducing substance in the urine was here also proved to be dextrose The average 
amount of dextrose excreted in the urine in the period following the feeding of 
oatmeal w as 6 98 Gm and that of nitrogen 9 Gm The increase in the urinary 
dextrose while artichoke was given was 1 85 Gm 

In another experiment the amount of dextrose excreted in the urine before 
oatmeal was given was 6 98 Gm and that of nitrogen 9 Gm During the period 
in which oatmeal was given the urinary dextrose rose to 11 99 Gm and the 
nitrogen to 8 9 Gm In the period following, the urinary dextrose was 4 52 Gm 
and the nitrogen 8 4 Gm The increase in the urinary dextrose during the period 
in which oatmeal was given was 6 24 Gm 
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COMMENT 

Levulose, calculated from polariscopy, accounted for only 38 per 
cent of the total quantity calculated from the reduction of a hexose 
monosacchai ide In the experiment with the phlorhizinized dog the 
basal caloric and protein replacement was made with cream and casein, 
which kept the dog m good physical condition duimg a piolonged 
experiment of twenty-five eight hour periods The extia dextrose 
obtained by feeding Jerusalem aitichoke was 64 6 per cent of the theo- 
retical available dextrose, a result comparable to that obtained when 
pure dextrose is fed 

In expel iments 2 and 3 with diabetic subjects a method was devel- 
oped for the study of the production and utilization of dextrose m food 
substances In case 1 the mciease m the amount of dextrose m the urine 
from ingested Jeiusalem artichoke was greater than that from an 
equivalent quantity of oatmeal In case 2 the increase in the uiinary 
dextrose after ingestion of Jerusalem artichoke was less than that fiom 
an equivalent quantity of oatmeal 

CONCLUSION 

From these expei iments it is concluded that there is no striking 
difference m the utilization of Jerusalem artichoke m diabetes from that 
of an equivalent amount of oatmeal 
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PHOSPHATASE STUDIES 

SERUM PHOSPHATASE IN DISEASES OF THE BONE INTERPRE- 
TATION AND SIGNinCANCE 

AARON BODANSKY, PhD 

AND 

HENRY L JAFFE, MD 

NEW YORK 

The significance of phosphatase in the physiology of bone has been 
studied by Robison and his associates and reviewed by Robison and 
Kay ' Kay and others ^ reported an increase of plasma phosphatase 
in several diseases of bone We have also found increases of serum 
phosphatase when generalized osteoporosis was produced expei imentally ^ 

Some of our other experimental results “ indicate the untenability 
of the current view that an increase of plasma or serum phosphatase 

From the Laboratory Division, Hospital for Joint Diseases 

1 Robison, R (a) Bone Phosphatase, Ergebn d Enzymforsch 1 280, 1932, 
(6) The Significance of Phosphoric Esters in Metabolism (Three Herter Lec- 
tures), New York, New York University Press, 1932 

2 Kay, HD (a) Plasma Phosphatase 11 The Enzyme in Disease, 
Particularly in Bone Disease, J Biol Chem 89 249 (Nov) 1930, (b) Phos- 
phatase in Growth and Disease of Bone, Physiol Rev 12 384 (July) 1932 

3 (a) Roberts, W M Variations in the Phosphatase Activity of the Blood 

in Disease, Brit J Exper Path 11 90 (April) 1930 (b) Jenner, H D, and 

Kay, H D Plasma Phosphatase III A Clinical Method for the Determination 
of Plasma Phosphatase, Brit J Exper Path 13 22 (Feb) 1932 (c) Smith, J, 

and Maizels, M The Plasma Phosphatase in Rickets and Scurvy Arch Dis 
Childhood 7 149 (June) 1932 (d) Smith, J Plasma Phosphatase in Rickets 
and Other Disorders of Growth, ibid 8 215 (June) 1933 (c) Bennett, T I , 

Hunter, D, and Vaughan, J M Idiopathic Steatorrhoea (Gee’s Disease), Quart 
J Med 1 603 (Oct ) 1932 (/) Lister, W A Idiopathic Steatorrhoea of Adults, 

Lancet 2 15 (July 1) 1933 

4 Bodansky, A , Jaffe, H L , and Chandler, J P (a) Serum Phosphatase 
Changes m Calcium Deficiency and in Ammonium Chloride Osteoporosis, Proc 
Soc Exper Biol & Med 29 871 (April) 1932, (b) Experimental Factors Influ- 
encing Blood Phosphatase Values, J Biol Chem 97 Ixvi (July) 1932 

5 (a) Bodansky, A , and Jaffe, H L Effects of Diet and Fasting on Plasma 
Phosphatase, Proc Soc Exper Biol & Med 29 199 (Nov) 1931, (b) Phos- 
phatase Studies IV Serum Phosphatase of Non-Osseous Origin , Significance 
of the Variations of Serum Phosphatase in Jaundice, ibid 31 107 (Oct) 1933, 
(c) Bodansky, A Phosphatase Studies VI Non-Osseous Origins of Serum 
Phosphatase Its Increase After Ingestion of Carbohydrates, J Biol Chem 104 
^3 (March) 1934, (d) Bodansky, A Phosphatase Studies VII Inorganic 

hosphorus and Phosphatase of the Serum in New Born Puppies, ibid 104 7l7 
(March) 1934, (e) Bodansky, A, and Jaffe, H L Phosphatase Studies A^III 
Scrum Phosphatase After Bile Duct Ligation in the Dog, Proc Soc Exper Biol 
& Med 31 1179 (June) 1934, (/) Bodansky, A Unpublished data 
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is ‘'confined almost exclusively to cases of bone disease ” Howevei , 
determinations of serum phosphatase still find their most useful applica- 
tion in the diagnosis of diseases of the bones Variations of seium phos- 
phatase which aie not related to bone metabolism will be considered heie 
only incidentally, and will be discussed elsewheie in greater detail 

Kay/“ Jennei and Kay and others reporting figures for plasma 
phosphatase m health and disease used Kay’s ° or Jemiei and Kay’s 
method of determination The first of these methods yields low values, 
largely because of the retardation of hydrolysis of the substiate dm mg 
the foity-eight hour period of incubation, the results obtained by the 
Jenner and Kay method are low because of the use of glycine to buffer 
the substrate The ratios of the figures obtained by these investigators 
for plasma phosphatase in ceitain diseases of bone to those found foi 
normal adults and children aie also incorrect because the analytic eriois 
are disproportionately greater when the plasma phosphatase content is 
high These and some other errors have been avoided m our method 
for the determination of serum phosphatase 

SCOPE OF INVESTIGATION 

We have detei mined the values for seium phosphatase (1) m normal 
children and adults and (2) in certain diseases of bone These data 
have been used (3) to help establish serum phosphatase as an aid in 
diagnosis and in estimating the effectiveness of therapeutic measures 
They may also be used as a basis for the consideiation of the (4) bio- 
logic significance of variations in serum phosphatase in diseases of bone 
Sufficient data are available in such a form as to realize these pui poses 
Some of the data must be published here in summary (for instance, 
those on rickets) , they will be published later in full detail 

Our procedures for determining the inorganic serum phosphate and 
sei um phosphatase have been described ' In the cases m which determi- 
nations of serum calcium seemed relevant we used a modified form of 
the Kramer-Tisdall method Serum was obtained after fasting except 
as otheiwise noted 

6 Kay, H D Plasma Phosphatase I Method of Determination, Some 
Properties of the Enzyme, J Biol Chem 89 235 (Nov ) 1930 

7 (a) Bodansky, A , Hallman, L, and Bonoff, R Deviation from Beer’s 

Law in the Kuttner-Cohen Method for Determination of Phosphorus, Proc Soc 
Exper Biol & Med 28 762 (April) 1931 Bodansky, A Phosphatase Studies 
I Determination of Inorganic Phosphate, Beer’s Law and Interfering Substances 
in the Kuttner-Lichtenstein Method, J Biol Chem 99 197 (Dec ) 1932 (h) 

Bodansky, A Determination of Plasma Phosphatase, Proc Soc Exper Biol &. 
Med 28 760 (April) 1931 (c) Bodansky, A Phosphatase Studies II Deter- 

mination of Serum Phosphatase, Factors Influencing the Accuracy of the Deter- 
mination, J Biol Chem 101 93 (June) 1933 
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NORMAL VALUES FOR SERUM PHOSPHATASE ® 

Adults — The semn of members of the laboratory and hospital staff 
and of several other normal adults, all apparently in good health, aver- 
aged 2 6 units of serum phosphatase per hundred cubic centimeters, 
4 units was found in one case and about 1 5 in two, m the remaining 
twenty-one analyses the figures ranged between 2 and 3 5 units per 
hundred cubic centimeters, which is perhaps the more strictly noimal 


Table 1 — Noimal Values joi Scnim Phosphatase 




A 

Adults 





B Children 






Per 100 Cc 

1 

of Scrum 




Per 100 Cc of Serum 





' Phos 

Phos 




Cal 

Phos 

Phos 





pliorus, 

phatnse. 




cuiin, 

phorus. 

phatase. 


Case 

Age 

Sex 

Mg 

Units 

Case 

Age 

Sex 

Mfc 

Mg 

Units 


1 

16 

M 

36 

10 T* 

1 

0 

P 


38 

7 2 

Tt 

2 

19 

P 

39 

31 T 

O 

O 



4 1 


T 

3 

19 

F 

3 1 

0 q 

3 

3 

P 

IDS 

32 

58 

Tt 

4 

20 

P 

40 

24 

4 

3 

r 


39 

10 7 

Tt 

5 

22 

P 

4 0 

2 3 

5 

3 

p 


31 

7 2 

Tt 

6 

25 

P 

36 

21 

0 

3 

r 


4 9 

78 

T 

7 

26 

M 

3 7 

30 

7 

4 

r 


4 7 

33 

T 

8 

26 

M 

3 7 

4 0 

8 

4 

M 


4 3 

32 

PS 

9 

26 

M 

4 611 

26 

0 

6 

M 

10 0 

3 1 

SO 

Tt 

10 

26 

M 

3 5 

32 

10 

6 

p 

10 9 

3 2 

31 

Tt 

11 

27 

P 

3 5 

21 

11 

0 

M 


4 7 

81 

T 

12 

27 

M 

38 

25 

12 

6 

M 


4 3 

65 

Tt 

13 

27 

M 

37 

29 

IS 

7 

M 


4 9 

10 3 

T 

14 

27 

M 

34 

22 

14 

8 

M 

10 7 

4 4 

31 

Tt 

15 

28 

M 

3 4 

27 

15 

S 

r 


4 6 

83 

Tt 

16 

29 

M 

38 

33 

16 

9 

M 

10 7 

4 3 

81 

T 

17 

30 

M 

38 

20 

17 

9 

M 


4 0 

70 

P 

18 

30 

M 

3 7 

1 5 

18 

9 

M 


3 7 

SO 

P 

19 

30 

M 

20 

30 

19 

9 

M 


4 2 

84 

P 

20 

32 

M 

34 

26 

20 

10 

P 


58 

GO ’ 

T 

21 

34 

M 

34 

33 

21 

10 

P 


4 3 

S3 

Tt 

22 

34 

P 

2 9 

0 0 

22 

11 

M 

10 2 

3 i 

10 0 

T 

23 

34 

M 

4 2 

23 

23 

12 

T 

10 2 

49 

SO 

T 

24 

44 

M 

3 0 

24 

24 

12 

P 


30 

11 4 

P 

251! 

11 

M 

33 

2 9 

25 

13 

M 

100 

4 3 

0 3 

Tt 






26 

14 

M 

10 6 

3 1 

131 

T 






27 

15 

r 


4 0 

o 0 

P 


* Tonsillectomy 

1 Pour houis alter a light breakfast 

I Two hours after a light breakfast 
§ Poliomyelitis 

II The high serum inorganic phosphorus In this adult seems to hate been due to dnlh ultra 
Molet irradiation for about five months 

H A case of sexual precocity, with pubic hair, etc , at 5 


lange (table 1,A) An average of 3 units (maximum 3 9, minimum 
16) was found in about a hundred miscellaneous hospital patients 
with a variety of clinical conditions, excluding only known diseases of 
bone and livei and jaundice, m which the value for serum phosphatase 
IS higher than normal 

Chtldi en Young animals of every species which we have studied 
show higher values foi serum phosphatase than adults of the same spe- 
cies ^ Table 1,B shows the values found in twenty-seven normal chil- 

8 Brief summaries were presented at the annual meeting of the American 
ociety of Biological Chemists, April, 1932, and were published recently 
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dreii Twenty-one, admitted for tonsillectom} and m fair or good 
condition at the time, showed an average activity of serum phos- 
phatase of 7 2 units per hundred cubic centimeters, in anothei gioup 
SIX children who had recovered from acute poliomyelitis and weie in 
good health at the time of the test showed an aveiage of 7 7 units per 
hundred cubic centimeters about six months after paralysis The t^\o 
groups aie distinguished in table 1,B The average foi the twenty-se^en 
children was 7 3, one low value of 3 1 units was found (child 10) , 
the other values langed between 5 1 and 13 1 units The incidence of 
higher phosphatase values (fiom 10 to 13 units) was more frequent 
between the ages of about 10 and 15, and was perhaps i elated to the 
onset of puberty at varying chronological ages and to an increased rate 
of growth and metabolism 

Serum was obtained fiom about one half of the childien after fast- 
ing, from the other half, two or four hours aftei a light breakfast, the 
averages m each group were similar 

In about three hundred children between 1 and 15 years of age hos- 
pitalized for a variety of clinical conditions (excluding anemia, malnu- 
trition, jaundice and known disease of bone) the lange of figures for 
serum phosphatase was approximately the same as in noimal childien 
(from 5 to 14 units) The average was about 7 5 units per bundled 
cubic centimeters Higher values for infants up to a few months of 
age, from about 15 to 20 units per hundred cubic centimeters, were 
found in some hospitalized cases 

It may be noted that our average value for children is 2 7 times our 
aveiage normal value for adults, while Kay’s average for children is 
about 1 7 times his average value for adults 

The figures for the serum inorganic phosphate showed that in only 
four children (cases 4, 9, 18 and 24, table 1,B) were they lower than 
the typical values Even if these cases were eliminated on the assump- 
tion that the serum inorganic phosphate indicated some deviation from 
the strictly normal state, the general average of serum phosphatase would 
be lowered only slightly, from 7 3 to 7 units 

The correlation between serum phosphatase and age m a group of 
normal children could have been demonstrated only by studying a much 
larger group than was feasible We have, however, demonstrated this 
correlation in dogs examined repeatedly over a long period We found 
a continuous decrease of serum phosphatase with an increase of age 
(after a sharp increase of serum phosphatase during the first forty-eight 
hours after birth.®^' which is apparently due to the unique effect of nurs- 
ing on the serum phosphatase of the new-born infant rather than to the 
specific effect of a particular foodstuff ’'■*=) It is obviously not feasible 
to conduct a study of individual children over a long period of time 
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Our senes of normal subjects and the larger number of hospitalized 
patients indicate that there is relatively little vaiiation of seium phos- 
phatase between 2 and 10 years of age There is apparently a temporary 
rise between the ages of 10 and 15 At the age of 15 or 16, appaiently 
depending on the anatomic stage of development, the serum phosphatase 
may be as low as 3 units per hundred cubic centimeters (even 1 6 units 
in case 1, table 1,A) and as high as 10 or 12 units, the latter values being 
plausibly associated at this age with active growth The importance of 
physiologic age in determining the level of serum phosphatase is empha- 
sized by a case of sexual precocity (case 25, listed with the cases of 
adults) 

SERUM PHOSPHATASE IN DISEASES OP BONE 

Local AUophy of Bone — A certain degree of atrophy of bone, a 
chronic atiophy of inactivity, is found in chronic arthritis and in other 


Table 2 — Scunn Phosphatase m Gcncj aheed Ostcopoi osis 





Per 100 Cc of Serum 





f 

Inorganic 





Calcium, 

Pliosphorus, Phosphntase» 

Ca«e 

Se\ 

Age 

Me 

Mg 

Units 

1 

F 

50 

10 0 

33 

GG 

Three ■neeks Inter 



09 

4 1 

1 i 

2 

F 

32 

10 4 

4 1 

32 

3 

F 

CO 

97 

38 

53 

4 

F 

03 

9 5 

4 0 

2 7* 

5 

F 

63 

91 

2 8 


6 

F 

CG 

9 5 

4 C 

37 


* Senile osteoporosis 


conditions involving a limited use of the extiemities In fouiteen )Oung 
and middle-aged adults with various chronic arthritides, serum phos- 
phatase was at a high noimal level, corresponding to slight atrophy 
of bone In three cases the seium phosphatase was 5 1, 6 7 and 8 3 units 
per hundred cubic centimeters, i espectively In two of these pronounced 
local atrophy was found, we assume that it was piesent in the thirds 
although the patient did not leturn for verification It seems that a 
S3’’stematic study of arthritis from this standpoint (which is now in 
progress) is justified 

Genet alized Osteopoi osis — Age is obviously a factor in deteimming 
the level of serum phosphatase m generalized osteoporosis In the 
middle-aged the serum phosphatase may rise to about twice the normal 
average, while there is no rise in true senile osteoporosis These results 
are in agreement with oui observations in experimental osteoporosis 
The experimental results also indicate that m young patients suffering 
from generalized osteoporosis a greater deviation from the normal can 
be expected The figures for serum calcium and inorganic phosphorus 
were normal 
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Hype) thy} oidisjih — In hyperth> roidism a negatue calcium balance 
IS sometimes to be expected It is probable, however, that roentgenologic 
evidence of this will not always be present In three patients with a 

high basal metabolic rate (from -f- 30 to 70 per cent) the serum 

inorganic phosphorus and seium phosphatase weie at the high normal 

level or highei Onl}' in one case (1. table 3) was theie roentgeno- 

graphic evidence of osteoporosis 

In a case still under obseivation, in which the initial basal metabolic 
rate was about -\-70 per cent, the serum phosphatase level rose over a 
peiiod of about five weeks (the successive values being 5, 5 3, 6 2, 7 8 
and 10 1 units pei hundred cubic centimeters) The serum inorganic 
phosphorus figuies duiing the same period remained fairly constant at 
4 5 ± 0 3 mg per hundi ed cubic centimeters 

Osteomalacia — In osteomalacia a high level of serum phosphatase 
is associated with a low^ level of serum inorganic phosphorus, as in 

Table 3 — Semin Phosphatase m Hvpei thyi oidisin 


Per 100 Cc of Scrum 

* , 

Inorganic Pbos 
Calcium, Phosphorus, phatase. 


Case 

Sex 

Age 

Mg 

Mg 

Units 

Comment 

1 

P 

41 

10 5 

4 G 

4 8 

Basal metabolic rate, +30 per cent 
osteoporosis, spine and pelvis, 
sternum deformed 

2 

F 

30 

11 1 

3 2 

4 4 

Basal metabolic rate, +70 per cent 

3 

F 

40 

10 2 

37 

4 0 

Basal metabolic rate, +45 per cent 


rickets In a case of “nontropical sprue” (idiopathic steatorrhea) in 
a man about 40 years old we had similar results serum calcium, 7 8 mg 
per hundred cubic centimeters , serum inorganic phosphorus, 1 9 mg , 
and seium phosphatase, 8 2 units 

Hypei pai athyroidism — In one case of this relatively rare disease the 
seium phosphatase w^as 20 2 units, however, four months after the 
removal of a large parathyroid adenoma the phosphatase w^as 13 8 
units per hundred cubic centimeters, and eight months after the 
opeiation, 12 1 units'’ This case was complicated by renal d>sf unction 
Before operation the serum inorganic phosphorus w'as 7 1 mg per bun- 
dled cubic centimeteis, and w'as associated wnth 47 6 mg of urea nitrogen 
per hundred cubic centimeters of blood 10 1 mg of uric acid and 5 mg 
of creatinine, figuies stnkingl} similar to those found m the disturbance 
of lenal function in acute experimental hyperparathyroidism in dogs 

9 Our initial observations Avere made possible through the courtesy of Dr A 
Guttman and Dr F M Hanger of the medical service of the Presbyterian Hos- 
pital, New York We are indebted to Dr William Barclay Parsons, Jr, of the 
surgical service of the Presbyterian Hospital, for the opportunity of making the 
postoperatne obser\ations 
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The value for serum calcium, 13 1 mg per hundred cubic centimeters, 
while only moderately high had undoubtedly been depressed by the high 
level of serum inorganic phosphate The remarkable clinical improve- 
ment after the operation included also improvement in renal function, 
with a return to normal values for serum inorganic phosphorus, urea 
nitrogen was 29 3 mg per hundred cubic centimeters of blood, uric acid 

Table 4 — Setitm Phosphatase m Osteomalana 


Per 100 Cc of Serum 
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r 
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Phosphorus, Pho=nhotase, 
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Mg 

Mg 
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P 

40 
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1 5 
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Table S — Scrum Phosphatase m Paget’s Disease (Osteitis Dcjoi mans) 


Per 100 Cc of Serum 
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Inorganic Phos 
Calcium Phosphorus, phatasc. 
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76 


8 

M 

43 

10 8 

43 

107 


9 

M 

55 


40 

114 

( 

10 

M 

47 

10 0 

43 

125 






B 

Localized 


11 

P 

69 

10 0 

3 5 

49 

Both tlbias 

12 

M 

66 

95 

25 

59 


13 

M 

63 

90 

28 

59 

Ilium 

14 

M 

70 


30 

66 

Ilium, ischium, pubis 

15t 

P 

62 

92 

50 

10 2 

Lower lumbar vertebrae, pelvis, hips 

16 

P 

43 

10 4 

36 

10 7 

Both tlblas 

17 

P 

64 

12 4 

18 

118 

Skull, femur 

18 

M 

56 

10 9 

36 

12 0 

Pemur 

19 

M 

50 

10 2 

34 

15 4 

Skull, tibia 

20 

P 

52 

10 2 

34 

17 2 


21 

P 

54 


3 5 

17 7 

Pelvis, femur 

22 

P 

60 


32 

17 9 

Pemur 

23 

P 

56 

99 

38 

231 

Tibia, femur 


* See text, page 95 
f Sister of patient m case 2 


6 4 mg and creatinine 2 4 mg , the serum calcium was at a low normal 
level, 8 9 mg per hundred cubic centimeters 

Paget s Disease In florid polyostotic Paget’s disease we have found 
from 50 to 125 units per hundred cubic centimeters (from 20 to 50 times 
the normal) In some cases of more or less localized Paget’s disease 
the serum phosphatase was as low as 5 or 6 units per hundred cubic 
centimeters Relatively lower values for phosphatase were found m 
the oldest subjects , in most cases this was undoubtedly due to localized 


\ 



B GDANSK Y-JA rpE—SER UM PHOSPHA TASE 


95 


involvement, in others possibly to considerable spontaneous healing by 
scleiosis The tendency to healing by sclerosis is observed in man} 
advanced cases of Paget’s disease In one case (1, table 5, A) lepeated 
analyses yielded consistent results, closely approximating the aveiage 
figuies of 4 mg of inoigamc phosphoius per hundied cubic centimeters 
of serum and 15 units of phosphatase Postmoitem examination con- 
firmed the diagnosis of pol}ostotic Paget’s disease, revealing imolve- 
ment of the skull, pelvis, femurs, tibias, light humeius and left ulna, 
left shoulder girdle and chest Evidence of scleiosis was widespread, 
which explained the relatively low values for seium phosphatase 

It may be significant that the average age in the polyostotic gioup 
was 53 yeais, as compared with 58 yeais for the group with localized 
Paget’s disease Of eight patients over 60 yeais of age with Paget’s 
disease only two sufteied fiom the polyostotic foim (serum phosphatase, 
respectively, 52 and 74 units) and six sufleied from the more localized 


Table 6 — Age Incidence of Polyostotic and Localized Paget’s Disease 



Average 

Total 
Number of 

Patients CO Years 
and Older 

/ * ^ 

Number 

of Percentage 


Age 

Cases 

Cases 

of Total 

Polyostotic Paget’s disease 

53 

10 

2 

20 

Localized Paget’s disease 

5S 

13 

C 

47 


involvement (17 7 units of seium phosphatase in one and from 4 9 to 
11 8 in the remaining five) 

It seems advisable to check m other cases, wherever found, the indi- 
cated correlation between age and the incidence of the polyostotic or the 
mote localized foims of Paget’s disease Coi related determinations of 
seium phosphatase would be useful in this connection 

We may also point out the familial factor in Paget’s disease m cases 
2 and 15, one patient sufleiing from the polyostotic foim and the other 
from localized involvement It seems that the determination of serum 
phosphatase might offer a means of searching foi the earliest evidence 
of Paget’s disease vithin families in ^^hlch the disease has been found 
in one oi more of the members 

In a compaiison of the analytic values found m hypeipaiath}roidism 
and Paget’s disease it must be noted in the first place that the serum 
inoiganic phosphoius is typical!} low m h} perparathyroidism and is 
frequently at a high noi mal le\ el oi just above it m Paget’s disease In one 
patient, ho^^e^er, a woman 64 }ears of age (case 17, table 5), the serum 
calcium was 12 4 mg pei hundied cubic centimeteis, the serum inor- 


10 Taffe, H L Paget’s Disea<;e of Bone Arch Path 15 83 (Jan ) 1933 
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game pliosphorus 1 8 mg and the serum phosphatase 118 units (Some- 
what higher value foi serum calcium and a lowei value for inoiganic 
phosphorus had been previousty found in the same case in another labor- 
atory ) The chemical findings indicated the possibility of hyperpara- 
thyroidism The clinical diagnosis of Paget’s disease was supported 
by the roentgen examination This case was the only one of twenty- 
thiee observed by us m which the chemical changes usually associated 
with hyperparathyroidism were found in a case of Paget’s disease While 
in Itself the association of these chemical and roentgenologic findings 
in the same case is interesting, the larity of such association emphasizes 
the lack of basis for assuming hypeipaiathyroidism to be the etiologic 
factor in Paget’s disease It is well known that secondary enlaigement 
of the parathyroid glands may be pioduced m experimental rickets and 
in experimental acidosis , the possibility of some secondary enlargement 
of the parathyroid glands in Paget’s disease might therefore be conceded 
However, pathologic hyperfunction is not necessarily' associated with 
such secondary enlargement, and if parathyroid hypei function is some- 
times associated with evidence of Paget’s disease the association is rare 
indeed 

A consideration of serum calcium, inorganic phosphorus and phos- 
phatase in hyperparathyroidism and Paget’s disease must be amplified 

11 The belief held in some quarters that parathjToid function is of etiologic 
importance in Paget’s disease is arrived at on the basis of reported obsenations of 
enlargement of the parathyroid glands in this condition and of alleged clinical 
improvement following removal of one or more such parathyroids (Ballin, M 
Ann Surg 96 649, 1932, J Bone & Joint Surg 15 120, 1933) Such supposedly 
enlarged parathyroids are considered to indicate hyperfunction and their removal 
is therefore considered justifiable by these observers However, when critical 
judgment is applied to their reasons for calling these parathyroids Iwperplastic, 
It soon becomes evident that there is no convincing basis for such assumption 
To prove that a parathyroid of an adult is h 3 'perplastic the gland must be fixed 
in a solution of formaldehyde, cut in frozen sections and stained with a fat stain 
The presence of large numbers of principal cells containing little or no intracellular 
fat IS at the present time the only valid microscopic evidence of suen hyperplasia 
The assumption of hyperplasia on the basis of increased size (unless this increase 
is very great) is unjustified, as it is established without doubt that in old and 
especially in senile persons the parathyroids may be somewhat enlarged even in 
the absence of osseous disease Furthermore, the quantity of interstitial fat may 
be increased, and gross enlargement of the gland under such circumstances has no 
significance whatever Pitted against this clinical and somewhat empiric view of 
the significance of the parathyroid in Paget’s disease is the recent experience of 
patho-anatomists who have found that in most cases of Paget’s disease the para- 
thyroids are in no way abnormal, although they have also observed that mild 
degrees of secondary hyperplasia may occur On theoretical grounds and on the 
basis of the present knowledge of the pathogenesis of Paget’s disease any improve- 
ment that is alleged to follow the operation as such cannot be considered more than 
temporary, and it certainly does not establish paratlwroid dysfunction as of etio- 
logic importance in the disease 
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b}'' a statement of factois influencing these values and their interpieta- 
tion Nephritis, causing a use of serum moigamc phosphate and a 
decline of seium calcium, may mask the evidence of these deteimma- 
lons for tiue hypeipaiathyioidism We think it advisable to determine 
uiea 01 nonpiotem mtiogen m all cases in which Paget’s disease or 
hypeiparathyioidism is suspected 

Reliance may be placed on the determination of seium phosphatase 
The value of seium phosphatase as a ciiteiion of disease of the bone 
IS not impaiied m the piesence of nephritis Seium phosphatase is, how- 
evei, commonly inci eased in jaundice,'^'’ so that deteimmations or esti- 
mates of the icteric index are desiiable, paiticularly m those cases m 
which only a model ately high level of seium phosphatase is found 
(We believe that the inci eases of seium phosphatase and of the icteric 
index represent distuibances of diffeient functions of the liver, and 


Table 7 — Scniiii Phosphatase m Ostcosclci osis Fiagihs Genoaltsaia 



Per 100 Cc of Serum 




' 

Inorganic 




Cnlcium 

Phosphorus, 

Phosphatase, 



Jie 

iMg 

Units 

Comment 


10 3 

23 

21 3 

Initial analysis 


10 i 

23 

21 4 

Ten days later 





Wedge osteotomy seven days later 



28 

10 7 

Ten days Inter 



23 

15 5 

Porty three days later 



that increased values of sei um phosphatase may be found m disturbances 
in the liver even m the absence of jaundice 

Osieosclei osis Fiagihs Genet ahsata {Alhei s-Schonherg Disease, 
Mai hie Bones) — In one case of osteoscleiosis fragihs geneiahsata in a 
youth 16 yeais of age, the activity of the serum phosphatase was fiom 
2 to 3 times the average value foi childien and from about 5 to 8 times 
the average value foi adults We believe that m this case comparison 
with the adult is j^ustified by the appaient physiologic age of the patient, 
the value foi serum inoigamc phosphorus suppoits this view 

(Osteotomy performed to correct deformities of bones is frequently 
followed by a deciease of serum phosphatase This effect was found 
also after osteotomies peifoimed for the coriection of rachitic deformi- 
ties, as well as in the case cited, and is apparently distinguished by 
Its peisistence from tempoiaiy postopei ative decreases of serum 
phosphatase which we have obseivcd following other operations The 
decrease of seium phosphatase during the healing of an operative defect 
in abnoimal bone seems significant It suggests that the healing of the 
defect in some mannei paitially counteiacts the disease process How- 
ever, other factors may be involved ) 
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Infantile Rickets —The correlation of the activity of serum phos- 
phatase with the pathologic piocess was strikingly indicated during the 
observation and treatment of a large number of children with rickets 
In twenty-seven cases of active infantile rickets the serum phos- 
phatase ranged from 30 to 190 units, about 4 to 25 times the noimal 
average, depending on the severity of the condition Negro children 
geneially show the higher figures for serum phosphatase, associated with 
moie severe clinical conditions Pievious irregular treatment with cod 
liver oil or exposure to the sun, paiticularly during the summer months, 
may be leflected m a milder clinical condition associated with only a 
moderately high level of serum phosphatase 

In active rickets, when 'no tieatment was given, and on inadequate 
treatment, the serum phosphatase frequently continued to rise, when 
healing was slow on tieatment with cod livei oil or small doses of 
viosterol, the phosphatase deci eased slowly, if at all, on larger doses 
of viosterol, “minimum rapidly effective doses,” theie was a marked 
decrease of serum phosphatase within ten days or sooner , the continued 
rapid decrease of seium phosphatase was associated with othei evidence 
of rapid healing After treatment, foi about two months, the phos- 
phatase values lemained constant, geneially at a high normal level The 
stabilized phosphatase value was reached in advance of the completion 
of the process of healing Reconsti uction of the bone may not be 
completed for months, when the reconsti uction is complete, the serum 
phosphatase is within the normal range 

In some cases a diagnosis of iickets was based on the clinical signs 
(enlargement of the epiphyses, beading of the ribs, etc ) The serum 
phosphatase was within the normal limits, sometimes at a high normal 
level, suggesting that while the signs had peisisted active rickets was 
no longei present Roentgenologic examination confirmed the evidence 
of the determinations of serum phosphatase 

We shall publish elsewhere a moie detailed study of phosphatase 
in rickets,^" as the volume of oui data does not peimit then presentation 
and discussion at this time 

12 Bodansky, A, and Jaffe, H L Phosphatase Studies V Serum Phos- 
phatase as a Criterion of the Seventy and Rate of Healing of Rickets, Am J 
Dis Child , to be published 

13 After most of our work had been completed, Smith and Maizels so and 
Smith published their studies of clinical rickets The average plasma phosphatase 
in a series of seven normal children was 0 17 unit , in fourteen infants under 
1 3 ear, 0 23 unit, and m ten breast-fed infants from 6 to 8 months of age, about 
0 25 unit The maximum value reported in rickets was 1 4 units, or about 8 
Umes the average normal figure in the series in which tins value was reported 

his was their highest ratio The determinations were performed by a modifica- 
tion of Kay s method at />h 7 6 and after incubation for forty-eight hours We 
lave criticized these conditions on theoretical as well as on practical grounds"*^ 
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Fiagthtas Ossiinn — In two cases (2 and 3, table 8) the values for 
seium phosphatase weie within the noimal range In case 3 the higher 
level of seiuni phosphatase possibly associated with this disease of the 
bones may have been loweied by anemia to the value actually found In 
case 4, howevei, the level of seium phosphatase was definitely high It 
seems that a study of special featuies that may be related to the dififei- 
ent individual findings would be justified In case 5, for instance, the 
high level of seium phosphatase was definitely related to late rickets 
(juvenile osteomalacia), which complicated this case On treatment 
with viosterol the seium phospatase level declined (it may be noted that 
the seium inoigamc phosphate remained low) 

A familial factoi was indicated by cases 1 and 2 The father had the 
typical blue scleia, although he had nevei sustained any fiactures 


Table 8 — Sennit Phosphatase m Fiagthtas Ossnnit 


Per 100 Cc of Scrum 

A 






Inorganic 

Phos 





Cnlcium, Phosphorus, phntnsc, 


Case 

Sc\ 

Age 

Mg 

Mg 

Units 

Comment 

1 

M 

38 

10 2 

28 

24 

Pathcr of patient in case 2 

2 


3 


40 

70 

Recent fracture 

3 

P 

6 

10 5 

4 8 

99 

Recent fracture, anemia 

4 

P 

5 

11 2 

4 8 

191 

Recent fracture 

5 

JI 

7 


1 9 

32 4 

Late rickets also suggested 
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1 8 

35 2 

3 years later, definite evidence of 







late rickets and diabetes 
insipidus 





1 5 

28 7 

10 days later, viosterol 





1 4 

24 4 

9 dajs later 




10 2 

1 8 

13 4 

7 days later 




11 3 

1 4 

181 

G dajs later 


Fi actni cs — A fiactuie may be i elated, in some cases at least, to a 
preexisting lesion of bone, foi example, slight osteopoiosis Foi this 
leason it is impossible to conclude with ceitamty that the slight use of 
serum phosphatase which was found m foui of thiiteen adults (cases 
8, 15, 17 and 18, table 9) w^as due m eveiy case to the fractures On 
the othei hand, it is suggestive that the four fiactuies had been sus- 
tained forty-two, four, eighteen and twenty -three days befoie the 
analyses, i espectively, and at least thiee of them could be termed recent 
In case 12, (a fracture 2 days old) the seium phosphatase was 3 5 units 
pel hundred cubic centimeteis (table 9) 

In thiiteen adults the aveiage value was 3 9 units (minimum 21, 
maximum 8 5), which is distinctly higher than the normal average In 
case 18 the levels of serum inorganic phosphorus and phosphatase were 
high twenty -three days aftei the fracture, three analyses done at inter- 
vals showed a regular decline within the next three weeks The patient 
was not available foi further examination 
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A child (case 1) had a low value of 3 9 units per hundred cubic centi- 
meteis, associated with anemia, in four othei children (cases 2 to 5) the 
values were substantially normal 

Osteomyehhs — In patients with a destructive lesion like osteomye- 
litis, when it IS moderate in extent and when there is little legeneration 


Table 9 — Seuim Phosphatase Aftei FjactuJcs 


Per 100 Ce of Serum 






Inorganic 

Phos 





Oalciuin, Phosphorus, phatasc, 


Case 

Sex 

Age 

Mg 

Mg 

Units 

Clinical Notes 

1 

P 

5 

10 5 

54 

04 

Right tibia, nonunion 

2 

P 

6 

10 3 

43 

39 

Neck of humerus (15 dajs*), anemia 

3 

P 

8 


52 

10 2 

Right tibia, nonunion 

i 

M 

11 


60 

64 

Left humerus 





52 

60 

Ten days later 

5 

M 

11 

10 3 

55 

86 

Left elbow (6 days) 

6 

M 

21 

10 3 

49 

24 

Left mandible and humerus (50 days) 

7 

P 

41 


40 

31 

Surgical neck of left humerus 





50 

34 

Eleven days later 

S 

M 

41 

94 

39 

47 

Left radius, ilium and wrist (42 days) 

9 

M 

42 

10 8 

38 

37 

Right femur and patella, left tibia 







and fibula (GO dajs) 

10 

P 

45 

97 

38 

34 

Left humerus, diabetes 

11 

M 

47 


28 

23 

Right humerus, nonunion 

Skull, left humerus (2 days) 

12 

M 

49 


33 

36 

13 

M 

50 


30 

30 

Nonunion 

14 

P 

50 

10 5 

39 

35 

Neck of right femur, nonunion 





40 

33 

Sixteen days later 

15 

P 

54 


38 

47 

Upper third of right humerous (4 
days) 

Inner end of right clavicle 

16 

M 

60 

10 0 

32 

21 

17 

M 

62 

99 

38 

43 

Right tibia (18 days) 

18 

P 

65 


53 

85 

Right humerus and radius (23 days) 





50 

70 

Pivo days later 





50 

00 

Ten days later 





45 

57 

Six days later 


*■ The time elapsed after fracture was sustained has been noted m this and several other 
cases of “recent fractures ” 


Table 10 — Senmi Phosphatase m Osteoinvchfts 


Per 100 Cc of Serum 






Inorganic 

Phos 





Calcium, Phosphorus, phatase. 


Case 

Sex 

Age 

Mg 

Mg 

Units 

Comment 

1 

M 

5 

91 

4 5 

4 6* 

Pulmonary tuberculosis, weight, 







34 pounds (15 4 Rg ) 

2 

P 

15 


51 

66 

Right femur 

3 

F 

10 


49 

84 


4 

M 

17 


46 

34 

Right humerus 

5 

M 

24 

10 6 

34 

23 

Ischium 

6 

M 

43 

101 

33 

48 

Left humerus radius and ulna 


the evident cachexia 


of bone, it seems that the serum phosphatase remains normal It is 
possible that a moderate rise takes place when the lesion is more exten- 
sive (case 6, table 10) There seems to be some evidence that unusually 
high leukocyte counts may be associated with a slight increase of seium 
phosphatase We think it desirable to bear this factor in mind in future 
studies of serum phosphatase in osteomyelitis 
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Gauche) ’s Duease — The serum phosphatase seems to be i elated to 
the degiee of lesoiption of bone as well as to the anemic condition of 
the patient 

Cysts of Bone — In one child (case 1, table 12) and four adults with 
localized cysts of the bones (as distinguished from geneialized osteitis 
fibiosa cystica) the seium calcium, inorganic phosphorus and phos- 
phatase weie 1101 mal The seiura phosphatase was at a high noimal 
level in cases 2 and 5 and distinctly above normal m case 4 

Titinois of Bone {Puniaiy and Metastahc) — Metastatic caicmoma 
invading bone was associated with a defimtel)- laised seium phosphatase 


Tablf 11 — Senim Phosphatase m Gauchei’s Disease 





Per 100 Cc 

oi Serum 





/ 

Inorganic 






Phosnliorus, Phosphatase, 


Case 

So\ 

Ago 

Mg 

Units 

Comment 

1 

P 

20 

3S 

41 

No changes in bone 



(9 weeks later) 3 9 

35 


2 

M 

24 

30 

101 

Resorption, pelvis and femurs 

3 

M 

54 

3 1 

26 

No changes in bone 

4 

P 

30 

1 7 

23 

No changes m bone 

3 

M 

40 

39 

15 





Tablh 

12 — Scum Phosphatase m 

Cysts of Bone 




Per 100 Cc of Serum 





r“ 

Inorganic 

PhOS 





Calcium, Phosphorus, phatase. 


Case 

Se\ 

Age 

Mg 

Mg 

Units 

Comment 

1 

P 

11 

99 

4 5 

02 

Left femur, anemia 

2 

r 



! 5 

41 

Right humerus 




10 3 

47 

36 

Pive days later 

8 

M 

23 


39 

33 

Left humerus 

4 

1' 

40 

10 0 

38 

60 


5 

M 

40 

10 9 

40 

40 



The value foi serum inorganic phosphoius was high, the serum calcium 
was 1101 mal (cases 1 and 2, table 13) A patient ('case 3) with an 
undiagnosed metastatic tumor of the bone had a distinctly high level of 
seium phosphatase 

Osteogenic saicoma (five cases) geneially showed mci eased values, 
case 5 (scleiosing osteogenic sarcoma of the light humerus) showed a 
normal value In two cases lepeated obseivations were possible In 
case 7 a diagnosis of scleiosing osteogenic saicoma of the left tibia was 
made at a time when the phosphatase was 8 7 units pei bundled cubic 
centimeteis, two yeais latei metastasis to the ribs had occuried and the 
phosphatase was 7 units In case 8, undei obseivation for a peiiod of 
about five months, the phosphatase rose giadually 

In two of three cases of multiple myeloma a high value for seium 
calcium was found, this is a definite diagnostic sign, lequiimg difteren- 
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tiation fiom hypeiparathyioidism In liyperpaiathyroidism, however, 
a low level of inorganic phosphorus is typical, while the value for serum 
phosphatase in one case obseived by us was about 8 tunes the noimal 
The seium inorganic phosphorus was at the noimal level in all three 
cases In one case (11) the value foi seium phosphatase was low, 


Table 13 — Scum Phosphatase of Patients zmth Tiimois of the Bone 


Per 100 Cc of Scrum 





t 

Inorganic 

Phos 





Calcium, 

Phosphorus, 

phatase, 


Case 

Sev. 

Age 

Mg 

Mg 

Units 

Diagnosis 

1 

M 

42 

10 5 

GO 

2S 1 

Carcinoma vitli metastascs to bones 

2 

F 

38 


0 0 

94 

Carcinoma viitli metastases to lum 







bar vertebrae, sacrum, iliac bones 
and eleventh rib on left side* 

3 

P 

40 

DO 

33 

12 0 

^coplasm of neck of right femur 







with metastascs to skull (origin 
unconfirmed) 

4 

P 

42 


32 

ICC 

Osteogenic sarcoma of right femur, 







metastases to lungs 

5 

P 

32 


35 

30 

Selerosing osteogenic sarcoma, right 







humerus 

6 

U 

CO 

90 

30 

70 

Osteogenic chondrosarcoma, right 







ilium 

7 

M 

18 

11 4 

42 

S 7 

Sclerosing osteogenic sarcoma, left 







tibia 



20 

10 0 

40 

7 0 

Two years later, metastases to ribs 

8 

P 

17 


4 5 

C4 

Osteogenic sarcoma 




10 0 

4 0 

5 0 

Seventj nine dajs later 





38 

C7 

Port! one dajs later 





38 

71 

Seven dajs later 





40 

82 

Thirteen dajs later 

9 

M 

42 

91 

31 

45 

Recurring osteochondromas, left hip 

10 

M 



3 1 

48 

Multiple mvcloma 

11 

P 

60 

13 2 

40 

18 

Multiple mjcloma 

12 

M 

40 

10 1 

34 

40 

Multiple mjelomn 

13 

M 

13 


40 

73 

Mcduflarj sarcoma (Ewing s tumor), 

14 






spine and ribs, anemia 

P 

8 


49 

C3 

Medullarj sarcoma (Ewing’s tumor), 







left humerus, anemia 

15 

P 


11 2 

54 

4 C 

Three months later 

33 

101 

38 

44 

Giant cell tumorf 

16 

P 

21 

10 4 

4 7 

29 

Giant cell tumor, right femur 

17 

M 

16 

10 2 

47 

33 

Giant coll tumor removed ten weeks 







before, healing anemia 

18 

Jl 


10 8 

4 9 

3C 

Twentj SIX dajs later 

50 

93 

30 

43 

Chordoma 


In a patient studied after tins paper 'nas completed (a woman 37 years of age) tlie 
initial serum phosphatase value vac 50 units per hundred cubic centimeters, serum inorganic 
phosphorus, 4 9 mg, and serum calcium, 9 8 mg Sc\en dnvs later the scrum phosphatase 
rose to 83 units, confirmed by a value of 85 units fifteen dajs later Hicre was no clinical 
V.V y?6Ct s or EecLlinghausen’s disease A suspicion of multiple mjcloma seemed to 

he ruled out by the serum calcium and phosphatase values The chemical findings indicated 
progressive involvement of the bones, necropsy revealed an e'vtensvvc sclerosing 
metastatic carcinoma involving practically all the bones of the sLeloton The primary lesion 
was in a bronchus and was not apparent clinically 
t See text, page 103 


in the two others it was about twice the normal aveiage, and therefore 
lower than in hyperparathyroidism 

In two children with medullary sarcoma the serum phosphatase was 
normal, however, moderate anemia was present and no doubt masked 
the effect of the lesion of the bone 

In one case of giant cell tumor, and in another case after extirpation 
of a giant cell tumor, the serum phosphatase was normal (cases 16 and 
17) , in a third case presenting a giant cell tumoi in one bone (diagnosis 
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confiimed) and an unidentified lesion in another bone (case 15) the 
seiuin phosphatase was slightly laised Multiple giant cell tumois sug- 
gest hypeipaiathyioidism , howevei, the suspicion of Recklinghausen’s 
disease was not suppoited in this case by other findings 

In choidoma (case 18) the serum phosphatase was slightly raised 
A bettei undei standing of the significance of seium phosphatase m 
tumors of bone may be obtained after a comparison with the serum 
phosphatase m tumors without involvement of bone or hvei, as a species 

Table 14 — Scunn Phosphatase of Patients zmth Tumois Not Involving Bone 


Per 100 Ce of Scrum 

/ * \ 

Inorganic Phos 
Phosphorus, phntasc. 


Case 

Sex 

Age 

Mg 

Units 

1 

P 

45 

3 7 

27 

2 

F 

70 

27 

4 0 

3 


71 

4' 7 

35 

4 

M 

55 

37 

23 

5 

F 

43 

30 

31 

6 

M 

47 

28 

23 

7 

F 

30 

4 2 

32 

8 

P 

41 

33 

30 

9 

M 

35 

43 

28 

10 

M 

66 

35 

33 

11 

F 

34 

23 

40 

12 

M 

53 

32 

59 

13 

F 

50 

2 5 

69 


Diagnosis 

Carcinoma of the thyroid 

Carcinoma of the bladder, uremia, anemia 

Adenocarcinoma of prostate gland 

Large adenocarcinoma (?) m epigastric region 

Metastatic tumor 

Cystic adenoma of thyroid 

Cystic adenoma of thyroid 

Multiple fibromas of uterus and appendix 

Liposarcoma, postoperative analysis 

Myxochondrosarcoma 

Undiagnosed 

Large spindle cell sarcoma, anemia, icteric 
index, 5 

Spindle cell fibrosarcoma, possible metastases 
to liver, icteric Index, 61 


Table 15 — Set uni Phosphatase in Calcinosis Univet salts 


Case 

Sox 

Age 

Per 100 Cc of Serum 

, ^ , 

Inorganic 

Calcium, Phosphorus, Phosphotase, 

Mg Mg Units 

1 

F 

29 

92 

38 31 

Fourteen days later 

2 

P 

30 


3-9 31 

34 30 


of contiol (table 14) In these cases seium phosphatase seems to be 
substantially normal, from 2 7 to 4 units In two cases of spindle cell 
sarcoma (cases 12 and 13, table 14) the seium phosphatase was 5 9 and 
6 9 units per hundred cubic centimeteis respectively The icteric index 
in case 12 was, howevei, slightly highei than normal, while it was very 
high in case 13, m which theie was suspicion of metastases to the hvei 

Calcinosis Umvei sahs — Because of an assumed i elation of this dis- 
ease to calcium metabolism, the serum phosphatase was detei mined in 
two cases Noimal values weie found 

Distill bailees of Gi owth — Serum phosphatase was only slightly 
raised in a case of acromegaly in a man, 50 yeais of age, the serum cal- 
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cium was 9 2 mg per hundred cubic centimeters, the serum inorganic 
phosphorus 4 mg and the serum phosphatase 4 9 units In three cases 
of achondroplasia (two children and one adult) no clear shift of serum 
phosphatase from the normal was seen The low normal phosphatase 
in the one adult is probably not related to achondroplasia , slight anemia 
was found, but its effect on the serum phosphatase cannot be affirmed 
with certainty in this case 

In one case of cretinism, m a giil about 4 years old, the initial serum 
inorganic phosphorus and phosphatase were 3 8 mg and 5 3 units per 
hundred cubic centimeters, respectively After twenty-one days of treat- 
ment with thyroid extract, the serum inorganic phosphorus was 5 3 mg 
per hundred cubic centimeters and the sei um phosphatase, 7 3 units In 
a case of mongolism, m a girl about 2 months of age, 6 6 mg of inor- 
ganic phosphorus and 7 units of phosphatase per hundred cubic centi- 
meters of serum were found In a case of amaurotic idiocy, in a boy 

Table 16 — Sauin Phosphatase m Achondroplasia 


Per 100 Cc of Serum 

Jl - 

Inorganic Phos 
Calcium, Phosphorus, pbatase. 


Case 

Sex 

Age 

Mg 

Mg 

Units 

Comment 

1 

P 

49 

99 

40 

1 4 

Slight anemia 

2 

M 

9 

10 4 

47 

80 

Growth retarded at 13 months 

3 

P 

7 

10 8 

51 

C3 

Growth retarded at o jears 


2 years of age, 10 8 mg of calcium, 5 mg or moigamc phosphorus and 
6 3 units of serum phosphatase per hundred cubic centimeters of serum 
were found 

CLINICAL INTERPRETATION OF VALUES FOR SERUM PHOSPHATASE 

With the qualifications to be stated, oui data may serve as an aid to 
a clinical interpretation of analyses of serum phosphatase The values 
m polyostotic Paget’s disease and rickets are characteristically high In 
the latter, clinical improvement is unmistakably reflected in the decline 
of seium phosphatase, we believe that no suggested treatment of 
Paget s disease may be considered effective until the alleged improve- 
ment has been shown to be associated with a decrease of serum phos- 
phatase Osteoporosis (except senile osteoporosis), osteomalacia, 
hyperparathyroidism and certain malignant tumois of bone (piimary 
or metastatic) are associated with definitely increased seium phos- 
phatase In various other diseases of bone the level of serum phos- 
phatase, while not equally high, is significantly above the normal 

Other findings will necessaiily affect the inteipretation of seium 
phosphatase as an indication of involvement of bone It is always neces- 
sary to consider such factors as senility, malnutiition and anemia, which 
lower the serum phosphatase, and jaundice and latent jaundice, as 
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well as involvement of the liver without jaundice, which may raise it 
Chemical findings othei than serum phosphatase (serum calcium, inor- 
ganic phosphorus, uiea, nonpiotein nitrogen, etc ) must also be consid- 
eied We need but mention the basic importance of clinical signs and 
symptoms, roentgen examinations, etc 

It must he noted particularly that model ately inci eased activity of 
serum phosphatase (from 4 to 14 units per hundred cubic centimeters in 
adults) is found also m catarihal jaundice, m jaundice due to cincho- 
phen poisoning and to aisphenamme intoxication, in cholecystitis with 
jaundice, in hepatitis, m tumors involving the liver and in some cases of 
anemia with a high icteric index These conditions must be ruled out 
before one may infei from increased seium phosphatase that disease of 
bone IS piesent We have not found values of 5 units or higher in adults 
without evidence of involvement of bone or the hvei We are, indeed, 
inclined to legard any authentic value higher than 4 units as possibly 
abnoi mal 

In childien, jaundice was associated with high, and anemia and 
cachexia with low values for seium phosphatase 

The effects of jaundice, anemia and cachexia on seium phosphatase 
were shown in the absence of disease of the bone 

SIGNIFICANCE OF VARIATIONS IN SERUM PHOSPEIATASE 

Robison showed that ‘‘the production of this enzyme [bone phos- 
phatase] foims a pait of cellular activities leading to the formation 
of bone Kay explained the high plasma phosphatase in diseases of 
bone by leakage “at more than the noimal late, possibly because it is 
produced in excessive amount m the bones in attempted compensation 
for the lesion, or possibly because owing to weakness of the bones there 
is a greater amount of bending and crushing which mechanically 
squeezes out some of the cell contents 

These explanations fail, in their present foimulation, to explain in 
a consistent manner the differences between seium phosphatase in vaii- 
ous noimal and pathologic states The highei seium phosphatase of the 
young IS indeed likely to be due to the greatei “cellular activities leading 
to the formation of bone” However, this explanation does not cover 
the increase of seium phosphatase to the extremely high levels found 
in rickets or in Paget’s disease, the difficulty is iiici eased when the retuin 
to normal values after effective therapy is to be explained The absence 
of an adequate explanation of the lattei has been responsible for unjusti- 
fied skepticism concerning not only the theoiies of the significance of 
serum phosphatase but also its value as an aid in diagnosis 

A formulation is required that would lesolve these difficulties and 
that could be applied to variations in seium phosphatase in both normal 
and pathologic metabolism and in the course of effective therapy 
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It may be suggested by way of an appioach to such formulation, 
that variations m serum phosphatase, so far as they are related to 
bone metabolism, are an expression not of “cellular activities leading 
to the formation of bone,” but rather of the “specific reactivity of 
bone,” that is, its capacity foi “cellulai activities ” This specific reac- 
tnuty may be assumed to be a property of living bone at all times, 
even when normal cellular activities are rendered impossible for lack 
of suitable substances or because of the failure of necessary mech- 
anisms Furthermore, by analogy with the controls that maintain all 
metabolism at certain equilibriums, it is held that similar controls or 
inhibitions of the specific reactivity of bone are set up in the course of 
normal synthesis of bone, when normal synthesis does not occur, these 
controls aie absent or inadequate, and specific reactivity is correspond- 
ingly highei , a high level of serum phosphatase is one expression of the 
high specific reactivity, and formation of normal bone (or osteoid) 
may be another Inhibition of specific reactivity inci eases with age 


The Manner m Which Scnim Phosphatase Is Conit oiled in Notmal and 
Abnotmal Bone Metabolism 

Noiinal Bone Metabolism 

(a) External and 
intrinsic 
factors 

I 

(b) Intrinsic lability — > (c) Resorption 

(e) Noimal seinm phosphatase (d) Normal specific reactivity 

(f) Essential substances j "I" 

or mechanisms j 

4 - 

(g) Normal bone synthesis — > (h) Adequate control 


Abnotmal Bone Metabolism 
(a) Changed external 
and intrinsic 
factors 


I 

(b) Increased lability — > (c) Increased resorption 

i 

(e) High set nm phosphatase ^ (d) High specific reactivity 

(f) Lack of essential | -j- 

substances or ^ | 

mechanisms 

I 

(g) Abnormal bone or osteoid formation — > (h) Inadequate control 


14 Carrell, A , and Ebeling, A H Age and Multiplication of Fibroblasts, 
J Exper Med 34 599 (Dec) 1921 
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The natuie of the paiticulai substance oi mechanism that may be 
lacking foi the noimal synthesis of bone m a given disease of the bones 
IS appal ently of gieat importance Deficiency of vitamin D (in clinical 
iickets) and the unknown etiologic factor of Paget’s disease are 
appai ently associated in seveie cases with excessive syntheses of osteoid 
and of abnormal bone, respectively, and with very high values for serum 
phosphatase On the other hand, in dietary calcium-phosphorus imbal- 
ance the moderately high pliosphatase indicates specific reactivity to 
resoiptioii of bone conti oiled at a moderately high level 

The decrease of serum phosphatase to noimal aftei effective therapy 
in diseases of bones may be explained, somewhat schematically, as fol- 
lows substances or mechanisms necessary for normal synthesis of bone 
have been supplied, normal syntheses of bone consequently take place, 
these lead m tui n to the appearance of inhibitions of specific reactivity , 
specific leactivity conti oiled at the successn^ely lowei levels is expressed 
by successively lower phosphatase values , when normal specific reactiv- 
ity IS reached, it is expressed by normal serum phosphatase 

COMMENTS 

Oui view of seium phosphatase as an expiession of the “controlled 
specific leactivity” of bone may be veiified by relating the known facts 
of bone metabolism m health and disease to the coi i espondmg values 
for serum phosphatase 

In the noimal young animal, bone is normally more labile, more 
susceptible to resorption, than m the adult The production of experi- 
mental rickets in young animals is facilitated by this greater lability The 
successful use of young animals in producing experimental hypeipara- 
thyioidism was based on the same principle it is also significant that 

15 Bodansky, A , Blair, J E, and Jaffe, H L Serum Calcium and Phos- 
phorus of Guinea-Pigs After Administration of Single and Repeated Doses of 
Parathormone, Proc Soc Exper Biol & Med 27 708 (April (1930) , Experimen- 
tal Hyperparathyroidism in Guinea-Pigs Leading to Ostitis Fibrosa, J Biol Chem 
88 629 (Oct ) 1930 Jaffe, H L , Bodansky, A, and Blair, J E Production in 
Guinea-Pigs of Fibrous Bone Lesions with Parathyroid Extract, Proc Soc Exper 
Biol & Med 2i7 710 (April) 1930, Influence of Age on the Effect of Parathor- 
mone on Guinea-Pig Bones, ibid 28 174 (Nov) 1930, Fibrous Osteodystrophy 
(Osteitis Fibrosa) in Experimental Hyperparathyroidism of Guinea-Pigs, Arch 
Path 11 207 (Feb ) 1931 , The Influence of Age and of Duration of Treatment 
on the Production and Repair of Bone Lesions in Experimental Hyperparathy- 
roidism, J Exper Med 55 139 (Jan) 1932 Jaffe, H L, and Bodansky, 
A Experimental Ostitis Fibrosa Cystica in Dogs, Proc Soc Exper Biol & 
Med 27 795 (May) 1930, Experimental Fibrous Osteodystrophy (Ostitis 
Fibrosa) m Hyperparathyroid Dogs, J Exper Med 52 669 (Nov ) 1930 
Bodansky, A, and Jaffe, H L Experimental Chronic Hyperparathyroidism m 
Dogs Without Hypercalcemia, Proc Soc Exper Biol & Med 27 797 (May) 
1930, Parathormone Dosage and Serum Calcium and Phosphorus in Experimental 
Chronic Hyperparathyroidism Leading to Ostitis Fibrosa, J Exper Med 53 591 
(May) 1931 
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the zones of most active growth were most actively resorbed Young 
animals aie also more susceptible to the effects of a dietaiy deficiency 
m calcium and experimental acidosis However, the gi eater specific 
reactivity of the normal young to resorption of bone is controlled at its 
relatively high level, remaining within certain limits, leading to a higher 
seium phosphatase on one hand and to growth of bone on the othei 

In noimal adults lower specific reactivity (to slower resorption) 
involves both slower normal formation of bone and a relatively lower 
level of serum phosphatase than in children, wheieas in senility slow 
resorption occurs, but specific leactivity is lelatively slight both 
synthesis of bone and serum phosphatase are at their lowest 

In osteoporosis specific leactivity is stimulated m accordance with 
the degree of lesoiption, however, as is obvious, synthesis of bone is 
inadequate because of the lack of an essential substance or mechanism, 
adequate controls are theiefoie not set up, and seium phosphatase 
increases — most in the young, modeiately in the middle-aged and slightly 
or not at all m the senile 

In hypeipaiathyioidism the generalized lesoiption of bone stimu- 
lates specific leactivity However, the vntual calcium-phosphoi us 
imbalance of the h>perf unction permits only relatively slight bone or 
osteoid synthesis The contiols aie theiefore inadequate, and serum 
phosphatase rises The lesorption m hyperpaiathyroidism being more 
active than in geneialized osteopoiosis, specific reactivity and serum 
phosphatase aie conti oiled at a higher level 

In Paget’s disease the typical mosaic structuie of the newly formed 
bone indicates rapid transformation of bone The inoiganic serum 
phosphate in the florid cases is fiequently near the upper limit of 
normal , widespread resorption stimulates cellular activity, but, 
as has been stated, the newly formed abnormal bone cannot set 
up adequate controls of specific reactivity, the rapid rate of abnormal 
foimation of bone and extremely high serum phosphatase correspond 
to the thus inadequately controlled specific leactivity (outline) Senility 
seems to be a factoi in Paget’s disease, the oldest patients showing the 
lowest values for serum phosphatase, m part pi obably owing to localized 

16 Jaffe, H L , Bodansky, A , and Blair, J E Rate of Decalcification and 
the Sites of Bone Lesions in Experimental Hyperparathyroidism, Proc Soc Exper 
Biol & kled 28 793 (Jan ) 1931 , The Sites of Decalcification and of Bone Lesions 
in Experimental Hyperparathyroidism, Arch Path 12 715 (Nov ) 1931 

17 Jaffe, H L , Bodansky, A , and Blair, J E The Effects of Parathormone 
and Ammonium Chloride on the Bones of Rabbits, J Exper Med 55 695 (May) 
1932 Jaffe, H L , Bodansky, A , and Chandler, J P Ammonium Chloride 
Decalcification, as Modified by Calcium Intake The Relation Between Generalized 
Osteoporosis and Ostitis Fibrosa, ibid 56 832 (Dec) 1932, footnote 4 
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involvement and spontaneous healing by sclerosis/® but in pait, possibly, 
because of the lower specific leactivity of the old 

In active iickets noimal synthesis of bone does not take place, ade- 
quate contiols of specific leactivity aie therefoie not set up, excessive 
foimation of osteoid and high values foi serum phosphatase are expies- 
sions of specific reactivity controlled at a very high level Effective 
therapy lesults m noimal s)mthesis of bone, so that more adequate con- 
tiols appear and the decrease of seium phosphatase expresses the 
specific reactivity conti oiled at successively lower levels During lecon- 
stiuction of the bone the serum phosphatase may lemaiii at a high 
normal level, but when reconsti uction is complete the seium phosphatase 
IS within the noimal range 

Osteomyelitis causes no marked rise of seium phosphatase In the 
case of such destiuctive lesions, the pimciple that applies could probably _ 
be expiessed as follows Neciotic bone is not capable of reactions lead- 
ing to an inci eased serum phosphatase New formation of bone, when 
It occurs, may cause a rise of seium phosphatase Leukocytosis pei se 
may cause a slight rise of seium phosphatase, which is of course not 
1 elated diiectly to metabolism of bone 

In experimental acidosis and deficiency m calcium the negative bal- 
ance IS due to a lelative mciease of lesorption and a deciease of normal 
synthesis of bone, the formei stimulates and the latter fails to conti ol 
specific reactivity adequately Specific reactivity and serum phosphatase 
ai e thei ef ore conti oiled at a highei level 

SUMMARY 

1 Serum phosphate is of diverse origin (from bone, the liver, etc ) 
The noimal lange of serum phosphatase m adults is between 1 5 and 4 
units per hundred cubic centimeteis (average about 2 5) and m children 
between 5 and 14 (average about 7) Higher values are found clinically 
111 involvements of the bone and liver, lower values, m anemia and 
cachexia When serum phosphatase is to be used as an aid m clinical 
diagnosis of diseases of the bone it has been shown that involvement of 
the liver with or without jaundice must be ruled out, and when seium 
calcium and detei minations of inorganic phosphate are also to be con- 
sidered, renal involvement must be eliminated 

2 Destruction of bone per se, unless accompanied by new bone or 
osteoid formation, is piobably not associated with a maiked rise of seium 
phosphatase 

3 In diseases of bone serum phosphatase is highest when it is asso- 
ciated with excessive foimation of abnormal bone (polyostotic Paget’s 
disease) and with excessive formation of osteoid (rickets) Successful 
therapy in iickets and hyperpaiathyioidism resulted m a loweimg of the 
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level of serum phosphatase In Paget’s disease spontaneous healing 
by sclerosis was associated with relatively low values foi serum phos- 
phatase Localized Paget’s disease (and a model ately high level of 
serum phosphatase) was relatively moie frequent in patients ovei 60 
years of age 

4 The use of determinations of seium phosphatase as a ciiteiion 
of effective therapy in rickets and healed rickets, and m the diffeiential 
diagnosis of Paget’s disease, Recklinghausen’s disease, multiple myeloma 
and tumors of the bone has been discussed 

5 Variations in serum phosphatase, so fai as they may be related to 
bone metabolism, aie assumed to be an expiession of ‘Tonti oiled specific 
reactivity” to resorption of bone (noimal and pathologic) The mechan- 
ism by which the specific leactivity of bone and the le\el of serum 
phosphatase are conti oiled at normal oi high le\els has been suggested 

6 Clinical and experimental studies aie suggested in connection wuth 
the changes m the bones m arthiitis, fiagihtas ossium, fractures and 
similar conditions 



FURTHER OBSERVATIONS ON THE EFFECT OF 
DRUGS ON INDUCED CARDIAC STANDSTILL 

EFFECT OF EPINEPHRINE AND RELATED COMPOUNDS 
M H NATHANSON, MD 

MINNEAPOLIS 

The heart possesses several important pioperties The function 
most familiar to the clinician is contractility which, when impaiied, leads 
to the fiequently observed slow caidiac failure Sudden cessation of the 
cardiac activity, however, results from disturbance in another essential 
property of the heart, that of stimulus formation, termed ihythmicity 
01 automaticity Normally the sinus node produces the stimulus neces- 
sary for caidiac conti action, and the activity of the heart abruptly ceases 
if this 01 other ihythmic centers fail to function Absence of an 
mipulse-imtiating mechanism is the cause of the ventricular standstill 
in complete heart block The frequency with which impairment of the 
rhythmic function occurs in other clinical conditions is uncertain, but it 
probably plays a part in the sudden cardiac arrest occasionally observed 
on the operating table The success with which mtracardiac injection 
has resuscitated the asystohc heart in shock, asphyxia and various types 
of poisoning indicates that the abnormal physiologic mechanism may be 
present m a variety of clinical conditions 

Previous studies concerned with the effect of drugs on the impulse- 
initiating property of the heart consist of observations m the experi- 
mental animal in which total caidiac standstill has been produced by 
elimination of the normal pacemaker, or ventricular standstill by the 
induction of heart block Clinical studies consist of reports on the 
response of the asystohc heart to various types of mtracardiac injections 
and on the effect of drugs in the prevention of Adams-Stokes seizures 
of heart block These methods have not i esulted in a general agreement 
as to the efficiency of drugs m the pievention and treatment of cardiac 
standstill 


From the Department of Medicine, University of Minnesota, Medical Service, 
Minneapolis General Hospital 

Read before the Section on Pharmacology and Experimental Therapeutics at 
the Eighty-Fourth Annual Session of the American Medical Association, Mil- 
waukee, June 14, 1933 
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In 1866 Czermack ^ demonstrated that digital pressure on the neck in 
the region o£ the vagus nerve causes a slowing of the cardiac activity 
The observations of Bering- indicated conclusively that this phe- 
nomenon IS not due to a direct stimulation of the vagus neive but is 
the result of a reflex which originates in a specialized portion of the 
internal carotid aitery, the carotid sinus In many persons, appaiently 
owing to an overactivity of the vagus nerve,® prolonged cardiac stand- 
still may be induced Electrocardiographic observations indicate that 
the standstill is due to a temporary inactivity of the sinus node and to 
failure in the formation of secondary centers of impulse initiation In 
previous reports^ it was pointed out that these subjects permit a diiect 
and well controlled method for the study of the effect of dings on the 
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Fig 1 (H B ) — A, lead II before pressure on the carotid sinus B, the effect 
of pressure on the right carotid sinus is indicated by the arrow There is a 
cardiac standstill of seven and one-half seconds , C, compression of the right 
carotid sinus after administration of 1 cc of epinephrine (1 1,000) Note the 
alteration in the ventricular complexes and the absence of the P wave starting at 
X, indicating the development of a ventricular rlij^thm 


impulse-initiating pioperty of the heart The evidence that a drug 
increases cardiac rhythmicity is the prevention of cardiac standstill by 

1 Czermack, J N Ueber mechanische Vagusreizung beim Menschen, Tena- 
ische Ztschr f Med u Naturw 2 384, 1866 

2 Hering, H E Die Karotissinus-Reflexe auf Herz und Gefasse, Dresden, 
Theodor Stemkopff, 1927 

3 Nathanson, M H Site of Hypersensitiveness of the Exaggerated Sinus 
Caroticus Reflex, Proc Soc Exper Biol & Med 29 1037, 1932 

4 Nathanson, M H A Method for the Study of the Rlwthmic Property 
of the Human Heart, Proc Soc Exper Biol & Med 30 967, 1933, Effect of 
Drugs on Cardiac Standstill Induced by Pressure on the Carotid Sinus, Arch Int 
Med 51 387 (March) 1933 
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the foiniation of a new impulse-imtiating center during the period of 
inactivity of the sinus node 

Obseivations on the effect of diugs on this type of standstill were 
earned out on a number of suitable subjects, most extensively on one 
patient (H B ) who was especially favorable for this type of study 
He was an elderly man m whom an exaggeiated response to piessure 
on the carotid sinus could be obtained with remaikable ease and with 
only slight discomfoit Model ate compression of the carotid sinus 
elicited a standstill vaiying from seven to nine seconds (fig IB) which 
could be lepeated with gieat consistency ovei a long period of time In 
numeious contiol lecoids theie was no indication of a contraction from 
an ectopic focus during the period of stimulation of the sinus caiotid 
Similar control studies were earned out on other subjects Each expeii- 
nient consisted of a contiol electrocardiogram lecording the effect of 
pressuie on the light carotid sinus The diug was then administeied, 
and recoids weie taken after suitable inteivals, again obseiving the 
effect of stimulation of the caiotid sinus The present lepoit consists 
of the lesults obtained by this method with (1) a gioup of drugs 
selected because they have been suggested in the ti eatment oi pi evention 
of caidiac standstill, and (2) a gioup of substances which aie i elated in 
chemical structuie to epinephime The fiist group includes epinephime, 
ephedrine, barium chloride, calcium gluconate, digitalis, caffem, coramin, 
metiazol and thyioxine 

DRUGS SUGGESTED IN THE TREATMENT OR PREVENTION OF 

CARDIAC STANDSTILL 

Epinephime — Rothbeiger and Winterberg'^ demonstiated that in 
the expel imental animal stimulation of the left sympathetic nerve or 
the administration of epinephime prevents the cardiac standstill pio- 
duced by stimulation of the vagus nerve Culhs and Tube ® showed that 
this drug inci eases both the auiiculai and the ventiicular rate in expeii- 
mental heart block Since 1916 epinephime has been used in heait 
block, usually with favoiable results, although appaient ineffectiveness 
has also been repoited Epinephime was studied in eight subjects by 
the piesent method, and in every case 1 mg of epinephime administeied 
subcutaneously abolished the caidiac standstill by the initiation of a 
ventiiculai ihythm (fig 1) 

Ephedime — Seveial obseivers have lepoited favorable lesults in 
the prevention of Adams-Stokes seizin es of heait block by the oral 

5 Rothberger, C J , and Winterberg, H Ueber die experimentelle Erzeugung 
evtrasystolischer ventnkularer Tachykardie durch Accelleransreizung, Arch f d 
ges Physiol 142i 461, 1911 

6 Culhs, W E, and Tribe, E M Distribution of Nerves in the Heait, J 
Physiol 46 141, 1913 
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admmistiation of epheclnne ^ Cheei, Tung and Bien,® however, 
repoited no increase m ventricular late in a case of complete heart block 
aftei the administration of 150 mg of ephedime by mouth In H B 
large doses of this drug admmisteied orally and subcutaneously were 
without effect on the cardiac arrest In another subject 30 mg of 
ephedime was ineffective by intravenous injection, but thirty minutes 
later 01 mg of epinephiine abolished the standstill This suggested 
some qualitative difference in the action of the two related substances, 
but later studies indicated that the diffeiences were entiiely quantitative 
and that an insufficient dosage of ephedrme had been used In H B 
50 mg of ephednne given inti aveiiously was without effect, but when 



Fig 2 (J C ) — A shows a cardiac standstill of six and two-tenths seconds on 
^ pressure on the right carotid sinus, indicated by the arrow B, a tracing made 

after the intravenous injection of 50 mg of ephednne sulphate, shows a ventricular 
rhjthm starting at X with pressure on the carotid sinus C, taken one hour after 
the injection, still shows an active effect 


the dose was increased to 100 mg a reaction similar to that produced by 
epinephrine was obtained More recently two other subjects were 

7 Miller, T G A Consideration of the Clinical Value of Ephednne, Am 
J M Sc 170 157, 1925 Fahr, George personal communication to the author 
Hollingsworth, M Ephednne in Adams-Stokes Syndrome, California & West 
Med 26 802, 1927 Stecher, R M A Note on Adams-Stokes Disease Treated 
with Ephednne, Am Heart J 3 567, 1928 Wood, J E , Jr Ephednne m 
Adams-Stokes Syndrome, J A M A 98 1364 (April 16) 1932 

8 Cheer, S N , Tung, C L , and Bien, C W Combined Effect of Ephednne 
and Atropine on Complete Heart Block, Am Heart J 8 400, 1933 
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available, and in both 50 mg of ephedrme by mtiavenous injection was 
effective (fig 2) In thiee subjects it was possible to compare the 
reactions of epinephrine and ephedrine, this will be reserved for a later 
portion of this lepoit 

Baimm Chlonde and Calcmin Gluconate — The work of Roth- 
berger and Wmterberg indicates that salts of barium and calcium 
increase the rhythmicity of the ventricles and that with large doses 
various types of ventricular rhythm occur to the point of ventriculai 
fibrillation These experiments formed the basis for the use of barium 
chlonde m clinical heart block “ The drug has been used with apparent 
benefit m the prevention of the Adams-Stokes seizures, but unfavorable 
reports also appear in the literature Barium chloride was used m two 
cases in doses of from 200 to 250 mg a day by mouth In one patient 
the drug had no effect on the induced cardiac standstill In another sub 
ject, J M , the cardiac airest was prevented by the development of an 
idioventricular rhythm Large oral and intravenous doses of calcium 
gluconate had no effect 

Digitahs — It is well known that digitalis administered in large doses 
increases the iriitabihty of the ventiicles as evidenced by the occasional 
development of ventricular extrasystoles and tachycardias It was 
lepeatedly demonstrated m H B that daily doses of 0 2 Gm of digitalis 
definitely increased the duiation of the standstill up to fifteen or sixteen 
seconds When administered in these doses the drug did not increase 
the irritability of the ventricles sufficiently to bring about development 
of an ectopic rhythm The prolongation of the standstill may be 
explained by the inci eased sensitivity of the vagus nerve which is one 
of the effects of digitalis The absence of an idioventricular rhythm 
agrees with the observations of Schwartz who showed that augmenta- 
tion of the automatic ventricular rate in complete heait block occurs only 
with toxic doses of digitalis 

Caffeine — ^Von Egmond observed a transient inciease m the ven- 
tricular rate m experimental heart block after the admmistiation of 
caffeine However, the effect occurred only with amounts far above 
the usual therapeutic dose Hirschfelder stated that caffeine has no 

9 Cohn, A E , and Levine, S A The Beneficial Effects of Barium Chloride 
on Adams-Stokes Disease, Arch Int Med 36 1 (July) 1925 

10 Parsonnet, A E , and Hyman, A S Barium Chlonde in Stokes-Adams 
Syndrome of Complete Heart Block, Am J M Sc 180 356, 1930 

11 Schwartz, S P The Action of Digitalis on Complete Heart Block, Am 
Heart J 4 408, 1929 

12 von Egmond, A A J Ueber die Wirkung einiger Arzneimittel beim 
volstandigen Herzblock, Arch f d ges Physiol 154 39, 1913 

13 Hirschfelder, A D Diseases of the Heart and Aorta, ed 3, Philadelphia, 
J B Lippincott Company, 1918, p 587 
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effect on the ventricular standstill of clinical heart block In H B , 
0 7 Gm of caffeine sodium benzoate was injected intravenously and did 
not influence the cardiac standstill 

Coiaimn and Metiasol — These substances have actions similar to 
those of camphor and have been recommended as acute circulatory and 
respiratory stimulants Both substances have been used with apparent 
success in resuscitation by intracardiac injection into the asystolic heart 
As was pointed out by Hyman, “ it is difiicult to determine whether it is 
the diug or the needle puncture which restores the ihythmic function 
to the heart In H B , 3 cc of coiamm injected intravenously, and on 
another occasion 2 cc of metrazol, was without effect on the induced 
cardiac standstill 



Fig 3 (H B ) — B and C show a standstill of ten and eight-tenths seconds At 
this time the patient had received 15 mg of thyroxine intravenously in divided 
doses 


Thyroxine — That thyroxine increases the iintabihty of the heart 
IS suggested by the tachycardia of hyperthyroidism It has been demon- 
strated that thyroxine acts directly on the heart It increases the 
pulsation of cardiac muscle pieparations which are devoid of nerve 
tissue Thyioxme and thyroid have been used with variable results in 
clinical heart block Blackford and Willius^® and Dralce reported 

14 Hyman, A S Resuscitation of the Stopped Heart by Intracardiac Ther- 
apy, A.rch Int Med 46 553 (Oct ) 1930 

15 Markowitz, C , and Yater, W M Response of Explanted Cardiac Muscle 
to Thyroxine, Am J Physiol 100 162, 1932 

16 Blackford, J M , ana Willius, F A Chronic Heart Block, Am J M 
Sc 154 585, 1917 

17 Drake, EH A Case of Complete Heart Block with Interesting Reaction 
to Drugs, Am Heart J 3 560, 1928 
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clinical impiovement, while Aiib and Stern^® found that large doses of 
thyroid increased the auricular late but did not influence the ventricular 
rate In H B , 15 mg of crystalline thyroxine was administered intra- 
renously in divided doses over a period of five days The basal 
metabolism increased from zero to plus 22 Pressure on the right 
carotid sinus repeatedly induced a long cardiac standstill (fig 3) 

EPINEPHRINE AND CHEMICALLY RELATED COMPOUNDS 

The powerful and consistent action of epinephrine and, to a lesser 
degree, of ephediine suggested that the prevention of cardiac standstill 
ma} depend on the stimulation of the accelerator neivous mechanism 
of the heart It seemed, theiefore, of importance to study the effect of 
other drugs wdiich have a similar type of action Shoitly after the 
discorery of the chemical stiucture of epinephrine, the physiologic 
actiMty of a number of related compounds was investigated In 1910 
Barger and Dale earned out extensive studies and found that sym- 
pathetic stimulation which they termed sympathomimetic action was 
produced by many epmephrine-hke substances and that the intensity of 
the effect increased as these substances approached the composition of 
epinephrine itself In all the investigations the response of the blood 
pressure m the experimental animal has been used almost exclusively 
as the index of the comparative activities of these epinephrine-like com- 
pounds The quantitative value of the different groups m the epi- 
nephrine molecule has been estimated by this method, and this has 
formed the basis for the synthesis of additional compounds It was 
pointed out by Barger and Dale^° that a substance showing an 
epmephrine-hke pressor response may not reproduce all the other effects 
of epinephrine in the same degree Since there do not appear to be any 
reports on the relative effects of these compounds on the human heart, a 
study was carried out by the present method to determine the influence 
of chemical structure on this particular physiologic action Aside from 
theoretical consideiations, this seemed to be of some practical impor- 
tance, since a number of synthetic substances are now marketed as sub- 
stitutes foi epinephrine 

The reaction to natural epinephrine was used as a standard for com- 
parison, and the response to varying doses of epinephrine was first 

18 Aub, J C, and Stern, N, S The Influence of Thyroid Extract on the 
Total Metabolism and Heart in a Case of Heart Block, Arch Int Med 21 130 
(Jan) 1918 

19 Barger, G, and Dale, H H Chemical Structure and Sympathiomimetic 
Action of Amines, J Physiol 41*19, 1910 
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detei mined After a control electiocardiogram showing the effect of 
pressure on the carotid sinus had been made, the diug was administered 
intravenously, and records were taken after one minute, and then at fre- 
quent intervals thereaftei until the standstill could again be repioduced 
The reactions to 0 2, 0 05, 0 02 and 0 01 mg were obtained m this man- 
ner The results were a series of electrocardiograms in which the rate of 
the ectopic pacemaker and the duration of the effect could be determined 
Repeated injections of these doses at different times revealed a definite 
consistency in the reactions It was found that the rate of the ectopic 
pacemaker and the duration of the effect were proportional to the dose 



f 
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Fig 4 (H B ) — A shows an induced standstill of six seconds B shows a 
maximum rate of 100 with multiple rhythmic foci C and D were made after the 
intravenous administration of 0 2 mg of 1-epinephrine E was made twenty-five 
minutes after the injection 

administered For example, 0 2 mg of epmephiine lesulted in a rapid 
ventricular rhythm from multiple foci, the maximum rate being 100 and 
the duration twenty-five minutes (fig 4) The smallei doses induced 
ventricular rhythms from a single focus, the late and duration varying 
with the dose (figs 5 and 6) The reactions of the epinephnne-hke 
compounds were studied m the same manner, and the resulting lecoids 
compared with those obtained with the different doses of epinephrine, 
thus permitting an estimation of the ratio of activity between epinephrine 
and the related compounds 
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Fig 5 (H B ) — A sliows an induced standstill of seven and six-tenths 
seconds 5, taken one minute after the intravenous administration of 0 05 mg of 
l-epinephnne, shows \cntricular rhythm, the rate is 60 E shows the disappear- 
ance of the effect fifteen minutes after the injection of the drug 
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Fig 6 (H B ) — A shows an induced standstill of five and two-tenths seconds 
B, taken one minute after the intravenous administration of 001 mg of 1-epineph- 
rine, shows ventricular rhythm , the rate is 33 D shows the disappearance of 
the effect seven minutes after the injection 
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It IS not the puipose of the present report to discuss m detail the 
chemical structuie of the various compounds but merely to point 
out the essential diffeiences fiom the composition of epinephrine 
OH 


Epinephrine 


n 


OH 


IS the laevo isomer of an amine consisting of a 


CHOH CHo NHCHa 


catechol nucleus 


OH 


0 ' 


and a side chain CHOH CH, NHCH3 containing 


the amine group The epmephime substitutes are either optical or 
chemical isomeis of epmephime or have some alteration in the structure 
affecting the nucleus or the side chain or both 


Optical Isomeis — Natural epmephime is laevoi otatory, while the 
synthetic base is racemic In 1908 the dexti ocomponent became avail- 
able foi study and practically all agree that the d-isomer has a lelatively 
weaker action Ratios of activity on the blood pressure m experimental 
animals vaiying from 1 12 to 1 40 have been ieported^° According 
to Tamter the median figure is 1 20 In H B , in three experiments 
1 mg of d-epmephnne pioduced a response practically identical with 
that obtained by 0 05 mg of natural epinephrine, thus giving a latio of 
1 20 It is evident therefoie that owing to its content of the relatively 
weak dextrosubstance the synthetic epmephime is appi oximately one- 
half as effective on the heart as natural epmephi me 


Chemical Isomeis — The only chemical isomer studied was a syn- 
thetic substance, a hydroxy /3 ammo 3, 4 dihydioxy propylbenzene 

OH 

/\0H 

having the following structural foimula I J In this compound the 

CHOH CH NH. 

I 

CHs 


methyl group which in epinephrine is bound to the nitrogen is trans- 
ferred to the carbon side chain It is stated that this compound does not 
produce the effect on the vagus (drop in blood pressuie m animals 
which have not received atropine) and that it is fiom seven to ten times 
less toxic than epinephrine It was necessary to use 0 5 mg of this 


20 Cushny, A R The Action of Optical Isomers, J Phvsiol 37 130, 1908 , 
Further Note on Adienalin Isomers, ibid 38 259, 1909 Launoy, L, and xMcnguy, 
B Documents numeriques sur les adrenalins, droite, gauche et sur I’adrenalone, 
Compt rend Soc de biol 87 1066, 1922 Fromherz, K Die Blutdruckwirkung 
des racemischen suprarenius und seiner optisch aktiven Komponenten, Deutsche 
med Wchnschr 48 814, 1923 

21 Tamter, M L Comparative Actions of Sympathomimetic Compounds 
Catechol Derivatives, J Pharmacol & Exper Therap 40 43, 1930 
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substance to obtain a response comparable to that pi oduced by 0 05 mg 
of the epinephrine, so that it is approximately one-tenth as active 

Synthetic Substances Resembling Epinephrine — ^The compound 


OH 

is a synthetic substance closely resembling epinephrine m chemical 
CH. CHs NHCHs 

stiuctuie except for the absence of the hydioxyl group on the fiist 
carbon atom of the side chain It is marketed in a 1 per cent solution 
as a substitute for epinephrine Barger and Dale found that the 
absence of the hydroxyl gioup m this position greatly i educed the 
pressoi activity Tainter observed that the drug was appioximately 
one-twelfth as active on the blood piessuie of cats, and Jackson 
reported that this substance was about one-tenth as active on the blood 
piessure as epinephiine By the present method it was found that 
approximately forty times as much of this substance was required to 
pioduce a response comparable to that obtained by 1-epinephrme 


OH 

^OH 

The compound 1 J differs from epinephrine only in having a ketone 
CO CHa NHCHa 


m place of the hydroxyl group m the side chain Barger and Dale 
found that the substitution of a ketone markedly reduced the effect on 
the blood pressuie, and Taintei observed that approximately from 

one hundred to two hundred times as much of this drug as of I-epi- 
nephiine was needed to cause the same pressor response in cats By the 
present method 8 mg of the substance produced a response on the ven- 
tricular rhythm comparable to that obtained by 0 2 mg of 1-epinephiine, 
indicating a ratio of activity to epinephrine of 1 40 (fig 7) 


Synephnn Taitiate and N easynephi me Hydi ochloude — Synephrm 

OH 

taitrate is a synthetic amine which diffeis from epinephiine in 

CHOH CHsNHCH" 


that theie is but one hydioxyl on the benzene ring so that the nucleus 
IS a phenol instead of a catechol The side chain is unchanged It is 
more stable and less toxic than epinephiine In the German liteiature 
this compound has been widely lecommended as a substitute foi epi- 
nephrine, the suggested dose being fifty times that of epinephiine In 
the application of this substance to induced cardiac standstill, appioxi- 


22 Jackson, D E The Peripheral Action of Certain Drugs, J Pharmacol 
& Exper Therap 4 291, 1912 
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, ® ^ ^ shows an induced standstill of eight and two-tenths sec- 

on^ s he lower tracings were taken after the intravenous administration of 8 

0 a compound differing from epinephrine only in the substitution of a ketone 
inn ^ ^ hydroxyl group in the side chain The maximum ventricular rate was 
, one minute after the injection H was made twenty-five minutes after the 
injection This response compares with that shown m figure 8 
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raately four bundled times as much synepbrm tartrate was lequired 
to pioduce the same effect as epinephrine 

OH 

has the same chemical composi- 

OH CHoNHCHo 

tion as synephrm tartiate, differing only m that the hydroxyl group 
on the benzene ring is in the meta instead of the para position This 
substance was found to be more active than synephrm tartrate Two 
milligrams of neosynephrm hydrochloride, given inti avenously, induced 
a 1 espouse comparable to that of 0 02 mg of epinephrine, indicating 
a ratio of 1 100 

OH 

Tyraimne — Tyramine differs essentially in chemical structure 

fiom epinephrine m the absence of one hydroxyl gioup on the nucleus 
and a hydroxyl on the side chain Tyramine was found m ergot by 
Barger and Dale and is now prepared synthetically The substance 
is not used in therapy, but He^^lett and Kay showed that in normal 
men subcutaneous injections of 60 mg produced a prolonged rise of 
the blood pressure, and they recommended its use m surgical shock 
Dale and Dixon considered that the action of tyi amine was the same 
as that of epinephrine, differing meiely m degree and duration of effect 
Tamter,-® however, concluded that the principal action of tyramine was 
direct muscular stimulation and that sympathetic stimulation was not 
prominent By the present method it was found that tyi amine pro- 
duced qualitatively the same reaction on the heart as epinephime A 
response comparable to that evoked by 0 05 mg of epinephrine was 
produced by 60 mg of tyramine, thus giving a ratio between tyramine 
and epinephrine of 1 1,200 

OH 

Hojdemne — Hoidenme is present m the germ of malt 

CHoCH.N(CH3)2 

grains and is closely related in structure to tyramine, diffeiing only m 
having two methyl groups attached to the side chain Barger and 
Dale demonstiated that hordemne produced a very weak pressor leac- 

23 Hewlett, A W , and Kay, W E The Effect of Tyramin on Circulatory 
Failure, J A M A 70' 1810 (June 15) 1918 

24 Dale, H H , and Dixon, W E The Action of Pressor Amines Produced 
by Putrefaction, J Physiol 39 25, 1909 

25 Tainter, M L The Action of Tyramine on the Circulation and Smooth 
Muscle, J Pharmacol & Exper Therap 30 163, 1926 


Neosynephiin hydrochloride 
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tion in animals, and Jackson-® observed that this compound was an 
eifective bronchial dilatoi, but had only a slight piessor action as com- 
pared with epinephrine Sixty milhgianis of hordenine sulphate pro- 
duced a response on the induced cardiac standstill somewhat less intense 
than that of 0 01 mg of epmephime, giving a ratio of approximately 
1 6,000 


Ephedi me — Ephedime 


differs from epinephrine in chemical 


CHOU CHCHcNIICHa 


structure m the absence of two hydroxyls on the nucleus and in having 
an additional atom of caibon in the side chain It has been demon- 
stiated by Bargei and Dale that both of these changes definitely 
weaken the pressoi activity Although ephedime has been the subject 
of much investigation, it has not been conclusively demonstrated that 
It repioduces all of the physiologic leactions of epinephrine Certain 
observations suggest qualitative differences in the action of the two 
drugs on the heait Giadmesco-” found that epinephrine restores the 
beat of a frog’s heart which has been arrested by pei fusion with 
ephedime La Baire showed that ephedrine did not lead to ventricular 
fibrillation in cats under chlorofoiin anesthesia, in which respect it 
differed from epinephrine The present experiments, however, demon- 
strate that ephedrine increases cardiac rhythmicity in the same manner 
as epinephrine, differing only in degree Chen found the ratio of 
pi essor activity of ephedrine to epinephrine to be 1 142 In three sub- 
jects It was possible to make a quantitative comparison of epmephime 
and ephedrine by the piesent method In H B 100 mg of ephedrine 
produced a response corapaiable in intensity to that of 0 05 mg of 
epinephrine, giving a ratio of 1 2,000 (fig 8) The duiation of the 
effect was one hour and forty-five minutes as compared with fifteen 
minutes for the same amount of epmephime It is interesting that 
Chen and Meek found that in dogs for a certain rise in blood pressure 
the duration of the effect of ephedime was also seven times greatei than 
that of epmephime In two other subjects the approximate ratios were 
between 1 1,500 and 1 2,000 It is apparent that ephedrine has a 


26 Jackson, D E The Action of Drugs on Bronchioles, J Pharmacol 
Exper Therap 5 491, 1914 

27 Gradinesco, A Difference d’action entre I'ephednne et I’adrenaline, Compt 
rend Soc de biol 96 1027, 1927 

28 La Barre, J Existe-t-il une syncope ephednno-chloroformique, Compt 
rend Soc de biol 98 863, 1928 

29 Chen, K K A Comparative Study of Synthetic and Natural Ephednnes, 
J Pharmacol & Exper Therap 33 237, 1928 

30 Chen, K K , and Meek, W J A Comparative Study of Ephedrine, 
yramine and Epinephrine with Special Reference to the Circulation, J Pharmacol 

& Exper Therap 28 59, 1926 
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decidedly weaker effect on the cardiac rhythmicity than on the blood 
pressuie as compared with epinephrine This indicates that for the 
prevention of caidiac standstill ephedrine must be admmisteied m doses 
larger than those oidinarily employed to raise the blood pressure 


Phenylethanolamine — Phenylethanolamme diffeis ^essentially 


CHOH CHoNHo 

from epinephrine in the absence of two hydroxyls on the nucleus 
Alles has synthesized this compound and studied its physiologic prop- 


J 


I 

r 




! 


Fig 8 (H B ) — A shows induced standstill of nine and six-tenths seconds 
The lower tracings were made after the administration of 100 mg of ephedrine 
sulphate intravenously The maximum rate of ventricular rhythm is 60 This 
response compares in intensity with that shown m figure 5 

erties and toxicity It produces an increase m the rate and amplitude 
of the cardiac contraction with a definite rise in blood pressure Tain- 
ter found that phenylethanolamme had actions on the circulation 

31 Alles, G A Comparative Physiological Action of Phenylethanolamme, 
J Pharmacol & Exper Therap 32 121, 1928 

32 Tainter, M L Pharmacological Actions of Phenylethanolamme, J Phar- 
macol & Exper Therap 36 29, 1929 
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similar to that of ephedrine and tyi amine Miller and Piness have 
used the diug in clinical cases and have observed slight rises in blood 
pressure following the subcutaneous injections of 100 mg of the sub- 
stance In H B the injection of 160 mg intravenously pioduced a 
reaction comparable to that caused by 0 02 mg of epinephrine, giving 
a ratio of activity of 1 8,000 


Catechol — Catechol 


OH 


>OH 


IS the nucleus of the epmephiine mole- 


cule, and Dakin concluded that catechol was necessary for the pro- 
duction of an action of epinephrine, stating that catechol itself 
stimulated sympathetic neive endings in the same manner as epmeph- 
iine Baiger and Dale,^** however, concluded that catechol was an 
unessential constituent foi stimulation of the peripheral sympathetic 
nerve, and that its action was not related to that of epinephrine The 
injection of 200 mg of catechol intravenously was without effect on 
the induced caidiac standstill, confiimmg the conclusion of Barger and 
Dale that this substance does not possess a sympathomimetic action 


COMMENT 

Information regarding the effectiveness of drugs on cardiac stand- 
still in man has been derived from two sources (1) the response of 
the asystohc heait to various mtracardiac injections, and (2) the effect 
of drugs m the prevention of the Adams-Stokes seizures of heart block 
The conclusions fioin these sources are open to objection since resusci- 
tation by mtracardiac injection may be due m pait to the mechanical 
stimulation of the needle puncture Theie is also a spontaneous raria- 
tion m the frequency of the Adams-Stokes seizures of heart bloclc, so 
that a favorable response cannot safely be attiibuted to the administered 
drug A laige variety of compounds unrelated m chemical composition 
or in physiologic action have been employed, and in many instances 
favorable results have been leported This has led to the suggestion 
that the response of the heart is no specific for any phai macodynamic 
action 

By the present method the action of a ding on cardiac standstill can 
be observed under controlled conditions and the effectiveness estimated 
quantitative!}' The lesults indicate that many substances which aie 
used 111 the pievention and treatment of caidiac standstill aie entirely 
inactive For example, digitalis is admmisteied as an emeigency mea- 

33 Miller, H , and Piness, G A Synthetic Substitute for Ephedrine, J A 
M A 1033 (Oct 6) 1928 

34 Dakin, H D On the Physiological Activit}’- of Substances Indirectly 
Related to Adrenalin, Proc Roy Soc London, s B 76 493, 1905 
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suie 111 caidiac aiiest such as occuis dining a suigical opeiation The 
piesent obseivations indicate that a single dose of digitalis cannot stimu- 
late cardiac ihythmicity and is theiefore ineffective Actually this diug 
may be distinctl}^ haimful, tending to pi event the spontaneous return 
of the ihythmic function 

CofBparatlve Effects on Cardiac Stanflstill 
of Coooounds Related to Epinephrine 

Drug Structural Formula ApproxiDStP ilatio of Activity 

. to l-eotneohrlny 


1 -eplnephrlne 

ou 

M 

1 1 

d-epinephrlnc 

OTOH CHa KHCH 3 

1 EO 

of hydroxy /S amino 

OH 

Q“ 

CHOH CM 

1 10 

3,4 dlhydrory prooii- 

Cff5 


bpnzene 

Synthetic Substance 

OH 

QOH 

1 40 

Synthetic Substance 

CH^ CH-> hHCH^ 

OH 

0" 

1 40 

Keosynephrin hyd'-ochlorlde 

CO cHa imcHj 

0“ 

1 100 

Synephrin tartrate 

CHOH CHg KHCH 3 

OH 

0 

1 400 

Tyranine 

CHOH CHa ^HCH 3 

OH 

0 

1 1 200 

"o-denine 

cBa CHa NHa 

OH 

0 

1 6,000 

Ephedrire 

0 

1 1 500 - 1 2,000 

Phenylethanolazrine 

CHOH CHCH 3 IIHCH 3 

0 

1 8 000 

Catechol 

CHOH CHg NHg 

OH 

0”" 

Ineffective 


The eonpouids ivere In the following fonts l-eplnephrine.-fhyd-o j 
jS anino S,^ dihydroxy cropylhenzene and the flrst-mentiored "Ey--hetlo 
Cubstance" as hydrochlorides d-eplnephrlne as the bltartr„te, 
srd hordenlne, ephedrlne and phenylethanolamine a„ the sulphate^ 


The actnuty of the vaiious symi^athomimetic amines suggests that 
the 1 espouse of the heait is the lesult of a specific phai macodynamic 
action, namely, stimulation of the cardiac acceleiatoi mechanism, and 
only drugs possessing this action aie likely to be effective on caidiac 
standstill 

In the application of the piesent obseivations to the theiapy of 
cardiac standstill it is appaient that natuial epinephiine is the most 
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11 Ephednne and phenylethanolannne in large doses are effective 
by mouth and are applicable in certain cases of heart block 

Dr Arthur D Hirschfelder of the Department of Pharmacology assisted m 
this work with helpful suggestions 

1127 Medical Arts Building 


DISCUSSION 

Dr Arthur D Hirschfelder, Minneapolis In this series of observations 
Dr Nathanson has opened up a new avenue for the study of the properties of the 
human ventricle which is beating independently and for a quantitative study of 
the relative activities of various drugs His studies have shown the relations that 
exist between effects on vasoconstriction and effects on ventricular rhythmicity, 
and these will certainly be of great practical applicability Few clinical studies, 
except the classic studies of His and of Erlanger on heart block are comparable 
to them in thoroughness and in beaut 3 ’^ of execution Tlie relative activities of 
the drugs of the epinephrine and ephednne series and the relation of the chemical 
constitution to the actions in clinical cases which Dr Nathanson has presented 
so closely resemble the observations previousb"^ made m experiments on animals 
(Barger and Dale, Chen, Tamter and others) that they will certainly lead to 
the development of new standards of comparison and to more certain clinical ther- 
apj^, which further studies along these lines will probably confirm and render more 
definite 



MORPHOLOGIC VARIETIES OF BRONCHIECTASIS IN 

THE ADULT 

THEIR PROBABLE PATHOGENESIS AND CLINICAL DIFFERENTIATION 
RAPHAEL A BENDOVE, MD 

AND 

BENJAMIN S GERSHWIN, MD 

NEW YORK 

Pathologists have long desciibed various forms of bronchial dila- 
tation, such as cylindric, globular and saccular, but until recently no 
attempt was made to differentiate these bronchiectatic forms clinically 
The introduction of iodized poppy-seed oil 40 pei cent as a safe diag- 
nostic means in the roentgenologic exploration of the bronchial tree 
made it possible to visualize and study the various morphologic types 
of bronchiectasis in the living and has led to an almost complete revision 
of the hitherto accepted views on the clinical aspects of tlie condition 
Studies by Bezangon, Weil, Azoulay and Bernard,^ Reinberg- and 
others have definitely established the fact that marked bronchiectasis 
may exist without bronchori hea or cough, and that the amount of bron- 
chial secretion bears no causative relation to the development of bronchial 
dilatation Gauthier,® Sergent and Jobin ^ and others have drawn atten- 
tion to the widely divergent ways in which bronchiectasis may manifest 
itself and to the vaiiable clinical course winch it may pursue Ballon 
and Ballon ® described a roentgenologic classification of bronchiectasis 
without, however, correlating the vaiious foims with their clinical 
features 

The roentgen images of bi onclnectasis as outlined with iodized oil 
aie multiform and have been variously described as cylindric, saccular, 
globular, clubbing, beaded, varicose, fusiform, like a pigeon’s nest, a 
raisin seed or fingers of a glove, etc Some of the terms could no doubt 
be used synonymousl}^, and some of the forms when analyzed properly 

1 Bezangon, Weil, Azoulay and Bernard Forme seche hemoptoique de la 
dilatation des bronches, Presse med 15 157 (Feb 20) 1922 

2 Remberg, S A Roentgen-Ray Studies on the Physiology and Pathology 
of the Tracheobronchial Tree, Brit J Radiol 30 451, 1925 

3 Gauthier, G Contribution a Tetude de formes larvees de la dilatation 
des bronches chez I’adulte, These de Lyon, 1925 

4 Sergent and Jobin Les images radiologiques dans les formes fetides et 
nonfetides de la dilatation des bronches, Bull Acad de med , Pans 99 582 (May 
29) 1928 

5 Ballon, D H , and Ballon, H C Pneumonography with Iodized Oil, 40 
per Cent, by the Bronchoscope Method, Arch Surg 14 184 (Jan ) 1927 
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from the pathogenic and clinical point of view would piove to be sub- 
varieties or evolutive stages of the same type We have attempted to 
classify into six definite vaiieties the numeious cases of bionchiectasis 
which we observed at the Cumbeiland Hospital and Clinic, at the Pul- 
monary Clinic of the Post-Gi aduate Hospital (Bendove) and in oui 
private piactice The classification includes five moiphologic types of 
bionchiectasis and one of bionchiolectasis, each of which is characterized 
by a more oi less distinctive clinical syndrome and is consideied to be 
the lesult of difiteient pathogenic factois both structural and functional 
In a pievious contribution,® we discussed fully the physiopathologic 
changes which may piecede oi accompany the ectatic condition of the 
bionchus, and we indicated the diagnostic significance of these impaired 
functions in the eaily stages of the seveial foims of bionchiectasis 
Before desciibmg the morphologic ajipeaiance of each bronchiectatic 
variet}', we find it peitinent to re\iew biiefl\ the recent contiibutions 
on the lespnatoi}’^ and expulsive functions of the bionchi which ha\e 
tin own new light on the pathogenesis of bionchiectasis in geneial 
/ 

PATHOLOGIC PHYSIOLOGY OF ECTVTIC nRON'CHI 

Studies by Reinbeig,- Mackhn," Miller.'' Bullowa and Gottlieb® and 
otheis have yielded many new facts legaiding the lespiratoiy d\namics 
ot the bronchi and then elaborate piotectnc oi expuisne mechanism 
The physiologically functioning bionchi are not merelj conducting tubes 
for distiibuting an to, and collecting it from, the alveoli but aie actnely 
paiticipatmg in the piocess of pulmonaiy inflation and deflation The 
respiiatoiy movements of the bionchi consist of an mspiiatoi\ elonga- 
tion with widening of the caliber and an expiratoi} shortening with 
constriction of the caliber The structuie of the bionchial vail is 
admirably adapted to these ihythmic changes in length and width, which 
are synchronous with the respiiatory phases (Miller and Mackhn) 
Pathologic processes which involve the fibi o-elastic oi m}0-elastic layers 
of the bionchus lendei it more or less stifl: and hindei its lespiraton 
function Rigid bionchi of this soit can be studied clinically by mtra- 
bronchial instillation of ladiopaquc substances, and Bonnamoui. Badolle 

6 Bendove R ^ a id Gershwin B S The Inverse Ratio in the Roentgeno- 
logic Visuah-.tjon ot the Bronchi and Alveoli After the Injection of Contrast 
Media, An. ; Roentgenol 31 323 (March) 1934 

/ Ma.,s]in C C Musculature of the Bronchi and Lungs, Physiol Rev 

9 1 (Jan 1 1920 

8 Millei W S Key Points in Lung Structures, Radiology 41 173, 1925, 
MnseuLtire of Bionchial Tree and Its Relation to Certain Pathologic Conditions, 

Rev Tuberc 5 689, 1921 

9 Bullovva, J , and Gottlieb, C Experimental Studies in Bronchial Func- 
tion, Laryngoscope 32 284 (April) 1922 
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and Gaillaid^® descnbed this phenomenon as the 'dipiodoi adiologic 
syndrome of bionchial immobilization” which is present m cases of 
chionic bronchitis and early bronchiectasis (figs I A and SB) 

The involvement of the myo-elastic layers of the bionchiis results 
not only m diminution of its lespiiatoiy function but also m the decrease 
of its evacuative capacity, though the lattei depends on other factors as 
well The bionchi aie endowed with an efficient thieefold expulsive 
mechanism the cough reflex, the action of the cilia and a progressive 
wavelike motion said to lesemble peristalsis The bechic reflex, accoi fl- 
ing to Reinberg and otheis, functions best in the tiachea and primal y 
bronchus, diminishes in intensity m the secondaiy and tertiaiy bionchi 



Fig 1 — A, tubular type of bronchiectasis, the walls of the bronchi are lined 
with iodized oil, but the lumen is empty, giving the bronchi an appearance of 
hollow or “macaroni” tubes B, a fusiform subvariety of the tubular dilatation 
in the inner zone of the lower lobe 


and is absent m the rest of the bronchial tree as well as in the pulmonary 
parenchyma Hence, even an extensive peripheial lesion may not cause 
cough until the inflammatory exudate reaches the bronchi of the first 
and second ordei The cilia which line the entire airway as far as the 
teiminal bionchioles are able to tvaft up only small iriitating particles, 
and then action becomes easily attenuated by a catarrhal condition The 
peristaltic movements were studied expeiiinentally by Reinberg ^ and 

10 IBoniismour, S , Bsdollc, A , and Gaillard, R Lc radio-diagnostic dans 
les affections broncho-pulmonaries par le hpiodol, Pans, L’expansion scientifique 
frangaise, 1929 
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Hudson and Hane^^ and weie found to be piesent in the entire tract, 
including even the aiiway terminals This expulsive phenomenon is 
dependent mostly on the bronchial musculature, though the integrity 
of the mucosa and the sensoiy neive endings found therein is also 
essential for the propei leflex stimulation Pathologic involvement of 
any of these bronchial coats will result m a lessening of the evacuative 
capacity of the bronchus in question, the degree of functional diminution 
bearing a i elation to the extent and type of lesion and the paiticular 
bronchial layei thus affected 

Our obseivation, which was full} desciibed in a previous contribu- 
tion,® that a physiologically functioning bionchus iids itself of the 
injected iodized oil m about twent} minutes, is in accord with that ot 
Bonnamour, Badolle and Gaillai d A bi onchus which remains filled 
with the instilled oil at the end of that peiiod is to be consideied a 
letentive bronchus, the walls of which aie eithei structuially changed 
or physiologically insufficient The functional impanment of the bron- 
chus will manifest itself befoie tiue ectasia can be detected and the 
diagnostic significance of this functional test m eail} bionchial iniohe- 
raent deseives fuithei stud} A definite!} ectatic bionchus, inespectne 
of Its location, shows a gieat tolerance toward the injected substances 
and in ceitain morphologic types the iodized oil can be found in the 
bionchus days or even weeks aftei the injection 

MORPHOLOGIC CLASSinCATIOK OF BRONCHIECTASIS \ND THE PROB- 
ABLE PATHOGENESIS OT EACH TYPE 

It must always be kept in mind that ectasia pioper is only one mani- 
festation of the multifaiious pathologic changes A\hich are bi ought about 
m the layers of the bionchial wall by difieient etiologic factors The 
pathologic piocess may stait primal ily m the mucosa of the bionchi 
01 in the muscular and elastic la}eis, or it ma} oiiginate in the pulmo- 
nary parenchyma, implicating the bionchial coats subsequent!} These 
mural changes may be inflammatoi} , degenerative, sclerotic oi suppuia- 
tive and may invoHe one oi moie bionchi at the same time All of 
the various pathogenic factois, singly oi joint!}, deteimine the lesultant 
ectatic configuiation, which can be clearly visualized in mvo by means 
of intrabronchial injection of a contrast medium such as iodized oil 

We diffeientiated six morphologic types of bionchial dilatation five 
of which are bionchiectasis and one of which is bronchiolectasis The} 
au tlie tubular cjhndnc, varicose and globulai types, bionchiolectasis 
and bioiichiectatic abscess 


11 Hudson, W A, and Hane, H A Camera Studies of the Tracheobronchial 
Tr-e, Arch Surg 19 1236 (Dec ) 1929 
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Tubulm Bi onchxectasn — ^\Vhen the dilated bionclii of the tubular 
foim aie outlined with iodized oil, they appeal like hollow c}linders oi 
tubes, 1 e , the walls of the bionchi aie lined with the injected material, 
while the lumen lemains empty (fig 1 The bionchial mucosa is 
always involved in this type of ectasia, and the injected mateiial adheies 
to the diseased membrane, imparting to the bionchi the appearance 
of empty tubes or “macaioni tubes” (Rosenthal) Cataiihal oi inflam- 
matoiy conditions of the mucosa aie, as a rule, the staiting pathologic 
piocess, with involvement of the othei bionchial coats and lesultant 
ectasia The mucosa of several bionchi may be affected, and the diminu- 
tion of functional capacity depends on the degiee of involvement of 
the other bionchial coats The dilatation is, as a lule, unifoim in diam- 
eter, but a localized constiiction in any part of the bronchi caused by 
accumulated secretion may give use to fusifoim oi conical subvaiieties 
of tubular bronchiectasis (fig If?) Many French chnicians have 
stated that this form of bionchial dilatation is always encountered in 
soldieis who were gassed in the Woild Wai , they call it “bionchial 
dilatation of the gassed” ('Bonnamour, Badolle and Gaillaid) Howevei, 
continuous irritation of the bionchial mucosa is likely to give use to this 
form of bronchiectasis, and it often follows lepeated attacks of bion- 
chitis Laennec’s-"- theoiy that bronchiectasis is always caused by stag- 
nant bronchial secietions would fit this type of ectasia well, liut it would 
in no way explain the mechanism of production of othei foims of 
bronchial dilatation m which bionchoirhea is absent 

Cylmduc Bi oncJnecfasis — A common type of bronchial dilatation 
IS the cylindiic foim (fig 2 A) When the ectatic bronchi aie filled 
with iodized oil, they look like solid cylinders extending sometimes as 
fai as the periphery of the lung but usually teiminating abiuptly in 
any portion of the lobe As a rule, little alveolai tissue is outlined m 
the corresponding teiritoiy, and the bionchi which aie filled with the 
iodized oil resemble the dry, leafless blanches of a tiee in wmtei The 
morbidly dilated bronchi haie lost much of their resilience as a lesult 
of degenerative and scleiotic changes in the myo-elastic layeis The 
analogous anatomic ariaiigement of the bionchial and aiteiial systems 
has been mentioned by many, and the factors which lender the arterial 
wall viilneiable to sclerosis are no doubt lesponsible for the scleiotic 
changes of the bronchial walls, which eventually jield to the constant 
intiabronchial stiain and stiess and become peimanently and unifoimly 
dilated Stokes’^® desciiption of paialysis of the ciicular muscle and 

12 Laennec, R T H Traite de Tauscultation mediate et des maladies des 
poumons et du coeur, Pans, J A Brosson & J S Chaude, 1819 

13 Stokes, W Treatise on Diagnosis and Treatment of Diseases of the 
Chest Part I Disease of the Larynx and the Windpipe, Dublin, Hodges and 
Smith, 1837 
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loss of contiactility of the bronchi and Anchal’s suggestion that the 
nutntional changes in the bionchial wall may precede bronchiectasis 
could be applied to this type of dilatation 

Many subvaiieties of the cylindric type of bionchiectasis are encoun- 
tered aneurysmal-hke pouching, tapeiing of the distal or proximal end 
or of both ends of the same bionchus, medial constriction of the bron- 
chial lumen and othei moi phologic mutations engendei ed by local inflam- 
matory conditions and mechanical forces Figuie 2B shows a general 
cyhndiic type of bionchiectasis of the left lowei lobe, one bronchus 
of which appears markedh dilated, with extieme nan owing of the distal 



Fig 2 — A, cyhnclnc form of bronchiectasis, note that the ectatic bioncln, filled 
with iodized oil, appear like solid cylinders extending in various directions B, 
conical subvariety of C 3 dindric dilatation with tapering toward the distal end, tins 
type IS easily drained 

end, which gives it a conical appearance Diainage is, as a lule, facili- 
tated in this type of ectasia, but when constriction occuis at the middle 
or pioximal end of the bronchus, drainage is much hindered However, 
It sljdiilc! be stiessed that the cylindric dilatation pei se does not cause 
bioncl jnhea, unless secondary inflammatory conditions set m 

^ au cose Bionchiectasis — Certain ectatic bronchi into which mjec- 
t’ I’S of iodized oil have been made look like swollen, knotted and tortu- 

14 Andral Medical Clinic, translated by D Spillan, Philadelphia, E Bar- 
rington & G D Haswell, 1843 
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ous cords which sometimes stretch from the trachea to the smallei 
bronchioles (fig 3 A) This t}pe of bronchiectasis is always found m 
cases of pulmonary fibrosis, and the distortion of the bronchi is no 
doubt due to the irregulai traction on the bronchial wall by the cicatrizing 
parenchyma The pathogenesis of this type of bronchiectasis is in 
accord with the theory ad\anced about a century ago by Coirigan,^^ 
that cirrhosis of the lung is responsible for the dilatation of the bronchi 
It IS obvious that this theoiy cannot be applied to all other types of 
bronchietasis which show only a nominal or no pulmonaiy fibrosis 
Howevei, in cases of pulmonaiy ciirhosis, irrespective of the cause, it 
is plausible to consider the contraction of the cirrhotic paienchyma as 
the dominant factor in pioducing distortion and dilatation of the bion- 



Fig 3 — A varicose type of bronchiectasis, the bronchi, filled with iodized oil, 
look like knotted and tortuous cords The trachea, deviated to the left, is also 
outlined B, bronchiolectasis , note the ectatic bronchioles filled with iodized oil , 
the bronchi appear to retain their normal caliber Both of these forms of ectasia 
are the result of pulmonary fibrosis 

chi in its coi 1 esponding teiiitory This form is encountered in pul- 
monary tubeiculosis, atelectasis, pleuritic adhesions, pneumonitis and 
similar conditions 

Bi onclnolectasis — Pathogenetically, bronchiolectasis belongs to the 
type of vaiicose bionchiectasis , i e , it results fiom pulmonary fibrosis 
and atelectasis, but because of its different topographic distribution and 
morphologic aspect as well as clinical features it is considered to be 
in a class by itself The dilated bronchioles filled with iodized oil are 
clustered aiound the empty bionchi, which seem to retain then normal 


IS Corrigan, D Dublin J M Sc 13 266, 1838 
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anatomic width (fig A B) Sometimes the bionchi are not outlined b} 
the injected contiast medium, and only the ectatic bronchioles are visu- 
alized Influenza, bionchopneumonia or othei pulmonary lesions of 
bronchial distribution are the precursois of bronchiolectasis The dif- 
fused fibiosis and atelectasis around the terminal bronchioles produce 
a dilatation of the bronchioles which may be unilobular, unilateral or 
bilateral 

Globulm 0 ) AuipifUaj Bi onchicctasis — In a lelatnely small number 
of cases, the iodized oil leveals minute globules oi capsules filled with 
fluid scattered throughout the aiea into which the injection had been 
made or suspended from the bronchial stem and resembling a bunch of 
giapes or scatteied laisin seeds (fig S A) Many French clinicians are 



Fig 4 — A, globular or ampullar t\pc of bronchiectasis Note the numerous 
globules or capsules, partially or completely filled with iodized oil, scattered 
throughout the pulmonic field like raism seeds B, two ectatic segments outlined 
with iodized oil protrude from the bronchial wall like two cups filled wuth fluid 

of the opinion that this t\pe of bi onchiectasis is usually of s)'^phihtic 
origin, and they lecominend antis) philitic tieatment, even if the Wasser- 
mann reaction is negatue It is possible that syphilitic lesions of the 
bronchi are a ficcpient factoi in the pioduction of this form of ectasia 
Howevei, bionchial ulcei of another pathogenesis cannot be excluded 
Locahzed abiasion of the bronchial mucosa may lead to an ulcerative 
pi^cc^j which gradually penetiates the other layeis of the bronchial 
^.^all at that point, causing the wall to yield to the constant respiratory 
stress the result is localized swelling oi segmental dilatation Figure 
5B shows two apparently lecent ulcei s filled ivith iodized oil wdnch 
protrude from the bronchial wall like two cups filled with fluid The 
only symptom complained of by this jDatient w^as recuirent slight 
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hemopt}sis which lasted a few minutes and which could be explained 
by the lepeated penetiation of the ulceis into a small blood vessel oi 
capillaries This would coi i espond to the syndi ome desci ibed by Bezan- 
gon and otheis in then discussion of diy hemoptic bronchiectasis, chai- 
acteiized by the “existence of small capsules often giouped in pairs 
or thiees, which show a level line of the injected” iodized oil 

Piimmy Bronchiectatic Abscess — The cavity of a bronchiectatic 
abscess may assume any shape or form, it may be multiloculai and is 
usually visualized on the roentgenogi am without the use of contiast 
mediums LihenthaP^ expiessed the opinion that it usually follows 
opeiations foi the lemoval of tonsils and adenoids Figuie 5 A shows 



Fig 5 — A, multiple bronchiectatic abscess m the right lower lobe B, an 
irregular bronchiectatic cavity filled with iodized oil in the left lower lobe, note 
also the “immobilized” bronchi of normal caliber in the upper lobe retaining the 
injected oil 

many inegular shadows m the lowei pulmonic field which were disclosed 
by postmoitem exploration to be bronchiectatic cavities filled with pus 
and linked together by intercommunicating bronchial cavities When 
the suppuiation is preponderantly in the parenchyma, it may cast a 
homogeneous shadow on the loentgenogiam which conceals the under- 
1} mg bronchial excavation, and only by means of iodized oil is one able 
to delineate the extent of a bionchiectatic cavity of this nature 
(fig SB) 

It should be stiongly emphasized that any morphologic type of 
bionchiectasis ma\ become suppuiative, but that the suppuration is 

16 Lihentbal, H Thoracic Surger}^ Philadelphia, W B Saunders Company 
1925 
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always a late complication evoked by the invasion of p}ogenic oiganisms, 
aerobic oi anaeiobic, into the diseased and ectatic bionchi The clinical 
course of infected bronchiectasis of this sort may then simulate that 
of a primal y bi onchiectatic abscess and may even present all of the 
grave sequences and sequelae Howevei, if no secondaiy infection has 
taken place, each moiphologic type of bionchial dilatation exhibits a 
more or less distinctive clinical syndrome which is of diagnostic signifi- 
cance in early cases 

We have not included in this classification the bionchiectasis which 
may follow stenosis of the bionchi caused by extrabi onchial pressure, 
as from aneuiysm oi mediastinal neoplasm, or by new growth of the 
bionchial wall The clinical picture in cases of this sort is usually 
dominated by the primary lesion, and the bronchiectasis is only a com- 
plicating feature Neithei have we included in this classification the 
congenital t)^pes of bionchiectasis which are fiequently found m childien 
and have been fully desciihed by pediati icians in this counti} and abioad 
They foim a categoi i b} themselves 

CLINICAL CONSIDER \TI ON S 

The diveis modes of onset and the variable clinical couise of bron- 
chiectasis have been giouped by Gauthier'* into the following clinical 
forms the pseudobi onchial, the pseudotubeiculous. the dry foim of 
Bezanqon and the idiopathic form of Baid, to these he adds what he 
calls the “laival” foims of bionchial dilatation, which ha\e no chaiac- 
teristic semeiology and which are levealed only by loentgen lais and 
iodized oil This clinical classification is a useful attempt at systema- 
tizing the raiious ways in which bionchiectasis ma} divulge itself but 
It does not take into account the factois wdnch bring about these clinical 
variations Bonnamoui, Badolle and Gaillard discussed the close asso- 
ciation between the etiologic factois, the moiphologic appeal ance and 
the clinical vaiieties of bionchiectasis They desciibed the ampullai, 
hollow'^ cylindric and solid cyhndi ic tvpes , the first tw o t} pes the}'' con- 
sidered to be distinct clinical entities and in the third type they included 
all kinds of cyhndi ic dilatation which, they claimed, cannot as yet be 
differentiated We find that each of the six morphologic t}pes desciibed 
previously has its coi responding clinical syndiome, wdnch if not pathog- 
nomonic IS always indicative of the ectatic condition 

The tubular type of bionchiectasis is revealed pnmaiily through 
tliL bronrhorrhea The cough is usually moderate but continuous, and 
the mucoid oi mucopurulent secretion is expectoiated wnth ease and 
alwav^ in small quantities The sputum is nevei purulent or foul- 
‘^inciling Paioxysmal coughing on lying down is sometimes complained 
oi , this IS probably occasioned by the trickling down of secietion from 
the nasophaiynx into the tiacheobi onchial tree A history of repeated 
nasopharyngeal catarih, of piolonged exposuie to moiganic dust and 



BENDOVE-GERSHWIN— BRONCHIECTASIS 


141 


nutating substances oi of being gassed in the World Wai is of diag- 
nostic impoitance Constitutional disturbances larely occui Physical 
signs aie of diagnostic value lathei by their absence than b) their pres- 
ence, rhonchi may be scatteied throughout the chest The ordinary 
roentgen plate shows no distinctive pathologic condition Bronchogi aphy 
IS as yet the most important diagnostic tiiterion of this type of bionchial 
dilatation 

The clinical syndiome of the cyhndnc type of bionchial dilatation 
vanes with its distiibution and paiticulaily with the evolutive stages of 
the ectasia The patient is unable to recollect a sti iking feature of the 
onset, which is as a i ule insidious Dyspnea is one of the eai ly symptoms, 
increasing in intensity with the furthei augmentation of the bronchiec- 
tatic condition Cough may be absent in the early stages, but it is a 
distressing symptom in the late stages, when the ectatic bionchi become 
the seat of bacteiial invasion The cough is usually fitful, being most 
tumultuous in the moinmg when the expectoration is most abundant 
The physiologically weakened bronchiectatic cavity is toleiant to the 
secietion, which accumulates giadually until the level of a healthy bron- 
chial legion is reached and an evacuatne cough is initiated Sometimes 
a sudden change in position will induce a fit of coughing which may 
be explained by the sudden spilling ovei of secretion from an anesthetic 
bionchial aiea into a sensitive bronchial legion in which a cough leflex 
IS easily elicited The sputum may be puiulent, in the fusiform sub- 
vaiiety of ectasia sputum is expectoiated with gieat difficulty In cases 
of this sort the drainage is poor, and the retained sputum frequently 
becomes obnoxiously fetid The letention of sputum may cause fever 
for a few days, but this will subside aftei drainage is established Some- 
times the sputum is blood-tinged, and it may be the most significant 
complaint in early cases of cyhndnc dilatation, even befoie catarrhal 
oi suppurative changes have occui led in the bronchial wall Clubbed 
fingeis aie invariably piesent m the late stages Physical signs aie not 
typical, theie may be dulness on percussion over the ectatic aieas when 
they are filled with secretion, the bieath sounds are somewhat altered, 
and ciepitant rales are numerous over and around the ectatic lesion 
Cavernous breath sounds may be elicited, particularly in the fusiform 
and saccular subvarieties In the eaily stages of cyhndnc dilatation 
adventitious signs may not be elicited The exact topogiaphy and the 
moiphologic subvariety are not rexealed by ordinary roentgenology 
The symptoms of the vaiicose type of bronchiectasis aie usuall) 
submerged under those of the concomitant pulmonary disease which 
antedates the ectasia There is ]nilling m all directions by scar tissue 
around the bronchus, which distoits the shape and interfeies with the 
evacuative capacity of the bronchus Suppuratne changes taking place 
in a bionchus of this nature ma} stimulate bi onchiectasis of the suppura- 
tive cylindiic type or a bronchiectatic abscess Pam. which is rather a 
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lare symptom m all other vaneties of bionchiectasis, may be complained 
of in the varicose type as well as in bronchiolectasis The physical signs 
are dominantly those of the associated pulmonary lesion, which is as a 
itile unilateral Roentgenogi ams disclose pulmonary involvement, fibio- 
sis and a letraction of the mediastinal structuies to the affected side 

The foiegiound of the clinical pictuie and the bulk of the ph}sical 
signs in bronchiolectasis are composed most!} of the pulmonary involve- 
ment, which, as a lule, ushers in the condition A bronchopneumonic 
disease which, inespective of its causative agent, lasts for a long time 
should be suspected of being bionchiolectasis The cough is, as a lule, 
hacking, and the expectoiation is scanty, usualh consisting of tiii} 
lounded masses of sputum Shortness of breath is noticed, and vague 
pains in the chest aie a fiequent complaint The physical signs are 
inconclusive, though the chaiactei of the rales is moie or less distinc- 
tive, no rales aie heard on oidmaiy inspnation, but showers of fine 
lales are elicited ovei scatteied aieas of the chest aftei cough Roent- 
genograms may show^ little deviation fioni the noimal pulmonar} 

I oentgenogi am 

The globulai type of bionchiectasis mai betiai itself chnicalK b} a 
sudden seveie hemoptysis It may pioduce no othei recognizable clin- 
ical signs, 01 if infection develops m the diseased bionchial area it 
may simulate another type of bronchiectatic dilatation Small hemopti ses 
may lecui fiequently The general condition of the patient is usuallj 
well pieseived Neithei physical signs nor i oentgenologic findings aie 
of diagnostic aid in this type of ectasia Ectasia of this sort can be 
individualized only by means of bionchography 

The symptom complex of the bronchiectatic abscess may lesemble 
that of an acute pulmonaiy abscess oi pursue a suliacute couise -with 
fever, geneial malaise, lassitude, anoiexia, loss of weight and othci 
symptoms Physical signs change noth the vacuity oi fulness of the 
cavity Roentgenogi ams reveal single or multifoim dense shadows of 

II regulai shapes , sometimes an ill defined ca\ ity may be outlined, pai - 
ticularly if the i oentgenogi am is taken immediately after diainage. 
which is rarely complete 

It IS often difficult to difteientiate betw'een a piiraaiy' hi onchiectatic 
abscess and othei ty'^pes of bionchial dilatation on which suppurative 
changes have supeivened, but a caieful analy^sis of all clinical antecedents 
and delineation of the affected bronchi with a contiast medium will 
greatly facilitate the diagnosis 

The extent of the lesion can nei'^ei be judged from semeiology alone 
E\en a large cavity'^ may'^ lack most, if not all, of the signs of cavitation 
mentioned in the standard textliook One of us (Bendove^') discussed 
fully the mechanism and diagnosis of silent cavities of this soit wdiich 
may be either absolutely^ mute, betraymig no signs whatsoevei, or rela- 
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lively silent, yielding none of the classic cavernous findings but mani- 
festing other adventitious signs The eaih c}lindiic and globulai t}pes 
are, as a rule, absolutely mute to physical examination, whereas all of 
the other types are i datively silent, with variable auscultatoiy signs 
according to the emptiness or fulness of the cavit}’’, the lesilience of 
the bronchiectatic wall, the unifoimity of the calibei and the condition 
of the suriounding pulmonaiy tissue 

It should be emphasized that no diagnosis of bionchiectasis is com- 
plete unless the location, the distribution and, above all, the type, ha\e 
been determined, foi on this mfoimation often depends the theiapeutic 
proceduie to be followed Thus we find that the therapeutic injection 
of iodized oil is useful in the tubular and early c}lindiic t}pes, though 
111 the latter iodine medication by mouth or hypodeimicall) is also eftec- 
tive, paiticularly in combination with a bismuth pieparation In all 
othei forms of bionchiectasis, iodized oil is of doubtful theiapeutic 
lvalue Ochsner tieated a large gioup of patients with repeated theia- 
peutic injections of iodized oil and found in about 32 j>ei cent complete 
relief of all symptoms, but he did not state which type of bionchiectasis 
responded best Statistical data on the lesults of treatment m bionchiec- 
tasis have little value if the tj’pe of the ectasia is not taken into con- 
sideiation, foi unequal elements may thus be compaied 

Postuial drainage is easily accomplished in the cylmdiic type, pai- 
ticularly if the dilatation is m the laigei bronchi, but it is difficult to 
evacuate the fusifoim and sacculated siibvai leties by this means alone 
and it is altogethei insufficient in the vaiicose type and the bionchiectatic 
abscess In these conditions bronchoscopic diainage is essential It 
should be stiessed that drainage m itself nevei cuies the ectasia irie- 
spective of its foim, it affords only symptomatic relief Intiabionchial 
treatment in conjunction with mtiavenous antisyphilitic treatment in 
cases of the globulai type of bronchiectasis deseives clinical tiial 

Aitificial pneumothorax is effective only m cases of bionchiolectasis 
which yields even to a low tension compiession If the lesion is limited 
to one lobe, a selective type of pneumothoiax which entails little dis- 
comfort to the patient can be created However, the theiapeutic value 
of aitificial pneumothoiax is questionable in cases of cjlmdric oi ^an- 
cose bionchiectasis, as the iigid area will not jield to a collapse of a 

17 Bendove, R A Silent Pulmonary Cavities Their Probable Mechanism, 
Diagnosis and Prognosis, JAMA 87 1739 (Nov 20) 1926, Roentgenologv 
as an Investigational Field in the Mechanism of Ph 3 ’^sical Signs of the Chest, Am 
J M Sc 173 322, 1927 

18 Ochsner, A Use of Iodized Oil in the Treatment of Bronchiectasis, S 
Clin North America 10 843, 1930 

19 Bendove, R A Selective Therapeutic Pneumothorax in Acute Pulmonarj 
Suppuration, Am J Surg 19 49, 1933 
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safe degiee of tension Still, pneumothorax may change the lobe and 
its ectatic bionchi from a vertical to a honzoiital position and thus 
piomote better drainage Artificial pneumothorax often finds its use 
as a preparatory proceduie to radical thoracic operations 

Medical treatment is of no value in cases of marked suppurative 
bi onchiectasis with complete destiuction of the bionchial wall , the sooner 
suigical tieatment is used m such cases, the better are the chances for 
clinical inipi ovement 

su M:\iARy 

Recent studies of the respiratory d)mamics of the bronchi and their 
defensive or expulsive mechanism aie biicfly leviewed, and the physio- 
pathologic changes which may precede or accompany bronchial dilatation 
are discussed with especial lefeience to their diagnostic significance in 
eaily bronchiectasis 

Six distinct morphologic t)pes of bionchial dilatation five of which 
are bionchiectatic and one of which is bronchiolectasis. are described as 
visualized roentgenologicall}^ aftei the intrabi onchial injecpon of iodized 
oil They aie the tubulai, cyhndric, vaiicose and globular Apes, bron- 
chiolectasis and bronchiectatic abscess 

The vaiious theories concerning the mode of production of the 
polymoiphic vaiieties of bronchiectasis aie advanced, and the probable 
pathogenesis of each type is discussed Ihe tubulai form ma} result 
f 10111 piolonged irritation of the bronchial mucosa, scleiotic and degen- 
eiative changes of the myo-elastic layeis are considered to be the primary 
lesion in the cyhndnc form the laiicose type is as a lule, brought 
about by massive pulmonan ciiihosis or atelectasis wheieas a diffuse 
bronchopulmonaiy distribution of fibiosis may entail bionchiolectasis , 
the globular type is onh a segmental pouching occasioned by local weak- 
ening in the bionchial wall, and the primary bronchiectatic abscess is 
initiated by suppuiative lesions in the bronchi 

Each of these morphologic ty^pes reveals itself clnncalE by'^ a different 
mode of onset a variable tram of symptoms and certain physical signs 
The clinical history is of greatei diagnostic value than are the physical 
signs Finthei studies and closer coi relation between symptoms, signs 
and morphologic aspects as outlined by'^ iodized oil m the In mg will 
no doubt enable us to diaw a sharpei hue of clinical demarcation between 
the various forms 

No diagnosis of bronchiectasis is complete unless the location the 
distnbution and, above all the type have been determined, for on this 
information often depends the therapeutic pioceduie to be followed 
The indications for certain theiapeutic measuies in the various types 
aie briefly discussed 
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Intel est in the gioiip of diseases chaiacteiued by diffuse demineiah- 
zation of the bones has been stimulated within the last decade by the 
increase in knowledge of calcium metabolism brought about by the 
studies of Aub and his co-woikeis, by the demonstration of the idle 
played by vitamin D and, notably, by the discovery of paiathoimone 
The piepaiation by Colhp ^ of a potent extiact of the paiathyioid 
glands made possible the establishment of clinical ciiteiia foi the diag- 
nosis of hypeipaiathyioidism That Recklinghausen’s disease (osteitis 
fibiosa cystica) is due to paiathyioid tumoi and is leheved by paia- 
thyi oidectomy was first demonstiated by Mandl, ■ subsequent investiga- 
tions have established that the clinical symptoms of this disease aie 
dependent on hyperparathyi oidism 

Genuine osteomalacia is a laie disease, paiticulaily m males Recent 
studies indicate that deficiency m vitamin D is piimaiily lesponsible 
The metabolic changes characteiistic of hypeipaiathyioidism have not 
been demonstrated Enlaigement of the paiathyioid glands may, how- 
ever, be piesent Hypeitiophy and hypeiplasia, fiist desciibed m cases 
of osteomalacia by Erdheim “ m 1906 and mtei preted as an effect of 
the disease, have been reported in many but not m all cases The obsei- 
vations at neciopsy in a seveie case of long standing seem of mteiest 

From the Departments of Pathology and Medicine, Northwestern University 
Medical School 

1 Collip, J B The Extraction of a Parathyroid Hormone Which Will 
Praent or Control Parathyroid Tetany and Which Regulates the Level of Blood 
Calcium, J Biol Chem 63 395, 1925 

2 Mandl, F Therapeutisclier Versuch bei einem'Falle von Osteitis fibrosa 
generalisata mittels Extirpation eines Epithelkorperchentumors, Zentralbl f Chir 
53 260, 1926 

3 Erdheim, J Tetania paratlwreopm a, Mitt a Grenzgeb d Med u Chir 
16 632, 1906 
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REPORT or CASE ■* 

The patient was a white man w'hose parents were Americans m average circum- 
stances The first sign of the disease, pain and deformity in the chest, appeared 
when he was about 19 years of age Pains m the back, chest and hips became 
severe about three years later and led him to seek medical advice At this time 
the deformity in the chest was marked A history of a deficient diet could not be 
obtained Treatment for a year produced no improvement In 1911, when the 
patient was 23 years of age, castration was performed The testes were normal 
Prolonged treatment with phosphorus, trials of thyroid extract, extract of the poste-' 
nor lobe of the pituitary gland and epinephrine and adherence to a general diet to 
which were added large amounts of milk and leafy vegetables, resulted in subjectne 
improvement, which was maintained for the next ten jears so that he was able to 
carry on his w'ork of w'atch repairing He w'as unable, how'cver, to w'alk wnthout 
crutches The condition of the bones remained unchanged as determined bv 
clinical and roentgen examinations Repeated phvsical examinations during this 
period revealed only the characteristic softness of the bones and the resulting 
deformity No palpable enlargement in the tlnroid region w'as ever oliserved 
The basal metabolic rate was normal, and svmptoms of hj perthvroidism were 
lacking except for a brief period following the use of extract of thvroid gland 
The patient was last examined in 1921 A sev’erc infection of the upper rcspiratorv 
tract m January, 1928, was followed bj cardiac decompensation After seven 
weeks m bed he died m March, 1928, at the age of 40 Roentgenograms of the 
chest, spine, pelvis and extremities made post mortem showed an extreme loss of 
calcium, much more marked than had previously been observed, and an absence 
of cysts or tumors in the bones (fig 1) 

Nea opsy — The body was that of a poorlv nourished w hite man, appearing to 
be much 3 0 unger than the actual age given (40 vears) The length of the bodv 
when the knees were forciblv extended was about 59 inches (150 cm ) , the weight 
was about 90 pounds (40 9 Kg ) The upper part of the thoracic spine showed a 
prominent kyphosis vv Inch extended backward and to tbe right , the lumbar v ertebrae 
a compensatorv lordosis and scoliosis The anterior wall of the chest presented an 
exaggerated degree of pigeon breast deformitv 1 he horizontal rami of the pubis 
were bent inward, producing a lieaklike prominence of the sjmphvsis and an 
extremely narrow pubic arch There was a lateral angulation of the right 
humerus at the junction of the middle and lovv'er thirds, and the left humerus 
showed a similar, but less prominent, deformitv The proximal phalanges of 
both hands were in the position of hj'perextension The metacarpophalangeal 
joints and the knees and ankles were greatlj' enlarged The loose knee joints and 
enlarged external condyles of the tibias and femurs produced an apparent angulation 
at the knees, which w'ere held in a semiflexed position bv'' the shortened hamstring 
muscles 

The calvarium was extremely light weight, with resistance to sawing like that 
of soft, dry wood In its thickest part it measured 8 mm and m its thinnest, 

4 mm A groovelike depression involving onlj'’ the outer table of the left side of 
the frontal bone was located just beneath a thin scar of the forehead Transverse 
sections through the femur and tibia about 20 cm and 25 cm , respectivelj’^, from 
the knee joint show'ed a soft, friable shell of bone from 0 5 to 1 mm in thickness 


4 A clinical description of this case was reported in 1917 (Elliott, C A , and 
Nadler, W H The Effect of Castration upon Osteomalacia in the Alale, Am J 
M Sc 153 722, 1917) 
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The marrow consisted of yellow fat The cancellous part of the bones near the 
joint was so soft that it could be indented with the thumb-nail The bone of the 
vertebral bodies was somewhat firmer The ribs were extremel}' soft and brittle 
They could be cut smoothly with a knife, and some portions seemed to be com- 
pletely decalcified Enlargements whicli represented the sites of old fractures were 
composed of fairly dense rubbery fibrous tissue, but thej^ were elastic, could be 



Fig 1 — Roentgenogram of the right humerus showing the characteristic demin- 
eralization and a spontaneous fracture 

compressed between the fingers and appeared to contain no calcium salts Mani 
of these were seen from the inside of the wall of the chest Some were angulated, 
while others showed merelj callus-hke thickenings 

The endocrine glands revealed nothing of importance except slight hypertrophv 
of the hypophysis (0 95 Gm ) and hypertrophy of the two parathyroid glands 
The thyroid gland w'eighed 28 5 Gm , \vas sy mmetncal and show ed a homogeneous, 
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glistening, yellow-red parenchyma On the posterior margin of each lobe, about 
2 cm from the upper pole, was a yellow-gray parathyroid body outside the thyroid 
capsule Their measurements were, respectively, 11 by 4 by 2 mm and 10 by 7 
by 2 mm The others were not visible on the surface, and serial free-hand sections 
made from 1 to 2 mm apart after hardening the gland in a solution of formalde- 
hyde failed to reveal the other two parathyroid bodies The suprarenal glands 
weighed 13 Gm together and oii section showed a normal bright yellow and light 
brown cortex about 1 mm m thickness and a grav medulla in normal proportion 
The pancreas was not remarkable Both testes were missing and had been 
replaced by balls of paraffin 

The pathologic findings m the other organs and tissues are included in the fol- 
lowing anatomic diagnosis osteomalacia with extreme deformities of the spine, 
thoracic cage, pelvis and bones of the extremities, multiple old healed fractures of 






F'g 2 — A transverse section through the shaft of the tibia about 12 cm from 
the knee joint, to show the thin cortex and the reenforcing mass of cancellous 
bone in the anterior portion The marrow is entirely fatty The decalcified sec- 
tion was set in a concentrated form of pyroxylin Hematoxylin-eosin stain , X 3 6 


the ribs and humeri , hypertrophy of the two parathyroid glands , slight hyper- 
trophy of the hypophysis , fatty degeneration of the myocardium, and hypertrophv 
and dilatation of the right ventricle of the heart, brown induration and compres- 
sion atelectasis of the lungs , chronic passive hyperemia and moderate atrophy of 
the liver , bilateral hvdrothorax , hydropericardium , chronic ulcer of the pjdoric 
portion of the stomach , absent testes, and high grade general emaciation 

Histopathology — Bones Decalcified tissue was embedded in a concentrated 
preparation of pyroxylin and stained with hematoxylin and eosin and hematoxylin 
and carmine Sections from the condvles of the femur through the articular carti- 
lage showed a smooth, regular layer of eosinophilic hyaline cartilage on the outside 
which measured 1 5 mm in thickness Near its inner margin was an interrupted 
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narrow band containing apparently normal cartilage cells \\ith a purple matrix (cal- 
cified cartilage) , a similar band of irregular patches of purple (calcified) cartilage 
formed a transitional zone between the hyaline cartilage and the bone There was 
no regular bony cortex in this location, but merely the edges of irregular thick 
trabeculae of cancellous bone The central part of the bone w'as formed of these 
irregular thick trabeculae and a fatty, fibrous marrow' Cellular marrow' was 
found only in small islands in the zone of ossification, and the nucleated elements 
in these foci were chiefly nucleated red blood cells The edges of the bony 
trabeculae were smooth in most places, and the borders w'ere formed by w'lde zones 



Fig 3 — A low power (X 40) photomicrograph of a cancellous portion of the 
tibia shown m figure 2 The light borders lining the trabeculae and surrounding 
the haversian canals are the calcium-free “osteoid seams ” 


of strongly eosinophilic bone laid down m regular lamellae The middle zones of 
the trabeculae contained variously shaped, poorly defined areas that stained more 
or less strongl}’- with hematoxylin (calcified areas) These calcified areas laj in 
regions that contained few Volkmann’s canals, and m only a few' places did the> 
border on the medullary spaces In general there w'as little evidence of active 
formation or destruction of bone A few exceptions w'ere found, however, m the 
form of large and small lacunae surrounded b} bone with jagged edges, parth' 
lined by regular row's of osteoblasts and show'ing nearby a few' multmucleated 
giant cells (osteoblasts) The marrow in the lacunae was in some instances, 
fibrous and m others fatty w'lth small hemorrhages 
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Transverse sections of the tibia and femur showed a fairh^ dense cortex of 
varying thickness (from 0 5 to 15 mm ) The periosteum was essentially normal 
and the periosteal surface of the cortex was smooth, while the endosteal line was 
wavy In the thicker segments large medullary spaces were enclosed between the 
endosteal and periosteal lamellae There was a greater proportion of calcified bone 
in these sections than in those previously described The calcium-poor (eosino- 
philic) portions formed narrow zones along the endosteal surfaces and broader 
zones around the haversian canals and around most of the medullarj spaces 
Anteriorly the thin cortex of the femur was reinforced bj cancellous bone of a 



4 Photomicrograph (X 40) of cancellous bone from a rertebral body 
The osteoid seams” are extremely wnde Onlv the dark patches along the middle 
portions of the trabeculae are calcified 


finer texture than that of the region of the cond 3 des The marrow consisted entirelj' 
of fat (figs 2 and 3) 

The vertebral bodies (fig 4) were composed of verj' coarse anastomosing 
trabeculae w'hich showed in their central portions narrow streaks and irregular 
patches of purple (areas of calcification) and broad zones of eosinophilic (calcium- 
free or calcium-poor) bone bordering the meduflarj’ spaces The spaces contained 
a normal proportion of cellular marrow' Scattered through the marrow' w'ere 
poorly outlined masses of homogeneous purplish-gray acellular tissue resembling 
degenerated osteoid tissue The zone of ossification between the cartilaginous plate 
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and cancellous bone was irregular, and in some places the intcr\ertebral disk con- 
tained islands of poorl}' formed cancellous bone 

Sections of the ribs made longitudmalh'- through sites of old fractures showed 
dense callus consisting of broad, slightly calcified bony trabeculae, small islands 
of cartilage and poorlj^ cellular fibrous tissue On each side of the callus the 
marrow was unusually rich in hematopoietic tissue, within the callus it was largely 
fatty and fibrous 

Heart Sections from the wall of the left ventricle and muscular septum 
showed swollen, granular muscle fibers with shrunken, irregular, h 3 fperchromatic 
nuclei m many areas In the right ventricle the degenerative changes weie much 
more advanced Between the pectinate muscles of the right auricle small thrombi 
were insinuated , in several places the}'- were intimately attached to the endocardial 
surface Frozen sections stained with Sudan III and hematovyhn showed small 
irregular patches and stripes of yellow lipoid substance intermingled wnth fewer 
coarse red granules of fat within the degenerated segments of muscle fibers These 
areas of fatty degeneration were extremelj'- numerous in the wall of the right ven- 
tricle and constituted as much as 50 per cent of the area represented 

Lungs The parenchyma showed the effects of compression and stasis m the 
form of flattening of the alveoli, thickening of their walls and large numbers of 
macrophages and erythroc>tes within the narrow alveolar spaces Several foci of 
lymphocytic infiltration w'ere found near the small bronchi 

Liver The most prominent histologic changes appeared in the parenchj'ma 
around the dilated central veins The hepatic cords around them were extremely 
slender and in many instances had disappeared, leaving only the radially arranged 
sinusoidal endothelium and granular cellular debris The remaining cells had 
pyknotic nuclei and scanty cytoplasm filled with finely granular browm pigment 
A large number of the hepatic cells in the intermediate zone contained small 
vacuoles, but at the peripheries of the lobules they w'ere essentially normal 

Spleen and Kidneys There was a slightly increased density of the fibrous 
reticulum in the spleen The sinusoids w'ere moderatelj'- distended wuth blood 
The glomeruli of the kidneys were uniformlj' large The convoluted tubules 
showed a moderate to high grade granular degeneration, with thinning of the 
epithelium, pyknosis of many of the nuclei and much granular detritus in the 
lumens The cortex contained numerous small calcareous deposits, most of w'hich 
appeared to lie within lymph channels, sometimes near a glomerulus and occa- 
sionally at some distance from any glomerulus in the section A few clumps were 
found between the collecting ducts in the papillae 

Suprarenal Glands In routine sections stained with hematoxjdin and eosin the 
cortex show'ed nothing abnormal The chromaifin tissue of the medulla was 
unusually abundant Frozen sections stained with hematoxjdin and Sudan III 
showed abundant stainable lipoid substance throughout the cortex, main of the 
coarser droplets had the staining reaction of neutral fat 

Hypophysis In the anterior lobe the sinus-like blood capillaries were widely 
dilated (postmortem settling’) In general the chief cells predominated Near 
the center of the lobe eosinophilic and chief cells appeared to be in about equal 
numbers, while at the periphery the latter constituted by far the greater part of 
the parenchyma The basophilic cells were concentrated in poorly outlined masses 
in the anterior and inferior part of the lobe near its apex, and their number was 
relatively very small Tissue fixed in a solution of formaldehyde and stained with 
ethjd-violet-orange G after mordanting in potassium dichromate jielded essentially 
the same findings as tissue stained m hematoxylin and eosm after fixation in 
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Zenker’s solution to which a solution of formaldehyde has been added No differ- 
ential counts were made of the specifically stained cells since careful comparisons 
with sections of normal hypophyses demonstrated to our satisfaction that this 
picture was well within the limits of normal variation The pars intermedia vas 
not well developed and was represented by only a few follicles containing colloid 
substance and was lined by a single layer of low cuboid epithelium The pars 
nervosa showed no noteworthy changes 

Pineal Gland The structure was that of a normal adult gland, with masses of 
calcareous matter near the line of junction between the pedicle and the glandlike 
structures 



5 — A high power (X 200) photomicrograph of a section of one of the 
parathyroid glands The chitt telK predominate A few scattered eosinophils are 
seen near the blood vessels as cells with dark gray cytoplasm 


Thj^roid Gland This was essentially normal 

Parathyroid Glands Each of the two glands was completelv surrounded b\ a 
delicate fibrous capsule, and the structure of the parenchvma did not differ 
appreciably from that of a normal parathyroid body The polyhedral epithelial 
cells were packed together in solid lobules and cords, and in a few small areas 
alveolar structures were formed by columnar cells which differed only m shape 
from the polyhedral cells The cytoplasm was clear or vert finelv granular The 
nuclei were neany round and dark and showed a sharp nuclear membrane and fine 


j 
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chromatin granules In a few small, poorly defined areas the cells were swollei 
and the cytoplasm was foamy or entirely clear In other areas of similar extent 
but more sharply outlined the cytoplasm was strongly eosinophilic and finely 
granular The eosinophilic cells were found also singly or in small groups scat- 
tered throughout the glands Their nuclei were slightly smaller and darker than 
those of the predominant pale cells Interstitial fat was verj scantv as compared 
w'lth the amount usually found in normal glands Relatively large areas showed 
none The usual close network of fine blood capillaries was found , the capillaries 
seemed neither more engorged nor less well filled than under normal conditions 



Fig 6 — Another area from a section of the parathyroid gland, including a 
small mass of eosinophil cells in the upper right hand corner (X 150) 


COMMENT 

This case of severe osteomalacia in a man apparently began at about 
the age of 19 and continued for twenty-one years Dm mg eleven 
\eais of obseivation no significant findings othei than the changes in 
the bones were observed There was no palpable tumoi in the legion 
of the thyioid gland, evidence of hyperthyroidism w^as lacking No 
histoiy of dietary deficiency was obtained Accurate clinical studies of 
the calcium metabolism w^eie not possible prior to 1921 when the 
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patient was last examined Castration in 1911 had no appreciable effect , 
m the week following the operation the excietion of calcium and phos- 
phorus m the mine and feces was approximate!) the same as befoie 
the opeiation The condition lemained stationary for a numbei of years 
Pathologic fractures occmied late in the disease Death was due, 
probably, to heart failure Neciopsy showed fatt) degeneration of the 
cardiac muscle, chiomc passive congestion of the liver, parenchymatous 
degeneiation of the kidneys, and geneiahzed laiefaction and decalci- 
fication of the skeleton without foimation of a cyst or tumor 

An unquestionable diftei entiation between osteomalacia and Reckling- 
hausen’s disease m ceitam cases does not appeal to be possible on the 
basis of changes m bone alone While in advanced cases of the latter 
disease cystic aieas oi hi own tumors (hemoiihagic giant cell tumors) 
or both can usually lie demonstiated, theie aic some cases m which 
these featuies aie lacking' Histologically the wide osteoid seams of 
trabeculae, the absence of excessne fibrosis of the mairow and the 
relatnel) small numbei of osteoblasts in tiue osteomalacia tend to 
distinguish it fiom typical Recklinghausen’s disease m which the osteoid 
seams aie naiiow’, fibiosis of the mariow is a sti iking feature, and 
both osteoblasts and osteoclasts are numerous, ficquently with the for- 
mation of giant cell tumois liowcAei these differentiating featuies 
are only lelative, and the degree of deAelopment of each depends on 
such factois as the intensitv and duration of the disease the diet of 
the patient and the theiapeutic measuies used In a lecent rcMCw of the 
subject of hypeipaiathvioidism Jafte® suggested that one of Eidheim’s 
cases desciibed m 1907,' the fiist one of the senes in which an enlarged 
paiathyioid gland was showm, w’^as not leally one of osteomalacia but 
one of Recklinghausen's disease because of the naiiow’’ osteoid boideis, 
fibrous mariow and numeious osteoblasts m the in\olved bones In our 
case also some paits of the maiiow^ w'eie fibious, and in a few' aieas both 
osteoblasts and osteoclasts weie numeious, but the consistently wide 
osteoid holders w'ould ceitamh fuinish stiong ewdence that the case 
was one of osteomalacia and not of osteitis fibiosa 

In the case lepoited the glands of inteinal secietion weie normal 
grossly and mici oscopically wnth the exception of the hypoph}sis and 
parathyioid glands The hypophysis showed slight hypeitiophy, but 
without selective hypeiplasia of an) one type of cell The paiatliMOid 
glands were only two in numbei, each definitely enlaiged, being 11 b) 

5 Bergstrand, R Acta med Scandmav 54 539, 1921 

6 Jaffe, Henrjf L Hyperparathyroidism (Recklinghausen’s Disease of 
Bone), Arch Path 16 63 (July) and 236 (Aug) 1933 

7 Erdheim J Sitzungsb d k Akad d \)'issensch Math naturw' K1 
Wien 116 311 1907 
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4 by 2 and 10 by 7 by 2 mm as compared with an aveiage noimal size 
of 6 by 3 by 2 mm® Microscopically the only definite deviation fiom 
normal was the poveity of fat cells Such a reduction of fat is geneialh 
considered evidence of hyperplasia of the paienchyma The othei mea- 
sure of hypeiplasia, originally used by Erdheim" to demonstiate micio- 
scopic hypei plasia m glands of normal size or slight enlai gement — i e , 
the demonstration of hpoid droplets in the parenchymal cells by ti eat- 
ing the tissue with osmic acid after fixation m Altmann’s fluid — was 
not utilized m this case as the two entiie glands had been embedded m 
paraffin befoie it occurred to us that such treatment might be desiiable 
The foamy appearance of small clumps of cells in the paiaffin sections 
suggested that a consideiable amount of hpoid had been piesent, and 
therefoie it is unlikely that the degiee of hypeiplasia indicated by such 
a ciiteiion is more than model ate Fuithermore, latei woik has cast 
doubt on the validity of such a ciiterion of hyperplasia, i e, paucity 
of hpoid m the piesence of active hypeiplasia® 

The presence in this case of slight calcareous deposits in the kidneys 
without associated necrosis of the cells is consistent with the findings 
leported m many othei cases of osteomalacia Fiequently othei tissues 
in which acid is excieted, such as the lungs and the stomach, have been 
similarly involved The explanation is not cleai In osteitis fibiosa 
such piecipitation of calcium is natuially consideied to be i elated to 
hypei calcemia In the cases of osteomalacia that have been studied, 
however, an elevated calcium level in the blood has not been observed 
at any stage In cases in which no tieatment has been given the nega- 
tive calcium balance lepoited has been due chiefly to the inci eased 
elimination of calcium in the feces On a diet low in calcium, how- 
ever, a urmaiy excretion of calcium greatei than the intake has been 
obseived^" It appeals that m osteomalacia hyperplasia of the paia- 
thyroid glands repiesents a compensatory physiologic hypei activity of 
these glands resulting in such giadual loss of bone calcium that hypei - 
calcemia does not occur The mechanism seems to be similar to that 
of expel imental iickets in which deficiency of vitamin D causes hypei - 
trophy and hypeiplasia of the paiathyroid glands Pievention of h}per- 

8 Cowdry, E V, in Barker, L F Endocrinology and Metabolism, Nev 
York, D Appleton & Company, 1922, vol 1, p 501 

9 Erdheim, J Beitr z path Anat u z allg Path 33 158, 1903 

10 Bulger, H A , Dixon, H H , and Barr, D P The Functional Pathology 
of Hyperparathyroidism, J Clin Investigation 9 143, 1930 

11 Miles, L M , and Feng, C Calcium and Phosphorus Metabolism in 
Osteomalacia, J Exper Med 41 137, 1925 

12 Gargill, S L , Gilhgan, D R , and Blumgart, H L Alctabohsm and 
Treatment of Osteomalacia Arch Int Med 45 879 (June) 1930 
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trophy of the paiathyroid glands by the admmistiation of parathoimone 
m nnnoi deficieac}' of vitanvn D pioduced expenmentally has been 
repoi ted 

The symmetncal enlaigeinent and nonnal histologic appeal ance of 
the parathyroid glands in this case aie convincing evidence that the 
condition was simple hypeiplasia lathei than neoplasia (adenoma) We 
aie inclined to considei the h 3 peiplasia compensatory in the sense of 
Eidheim and the majonty of latei authois This is consistent with the 
findings m a luimber of cases of tiue osteomalacia repoi ted in the 
hteiatuie since Erdheim’s publications of 1906 and 1907 Such an 
opinion IS suppoited by the fact that compcnsatoiy enlargement of 
the paiathyioid bodies occiiis fiequently in othei diseases associated 
with larefaction of bone, such as iicKets senile osteopoi osis, so-called 
hungei osteomalacia, chionic nephiitis and both primar}^ and secondary 
tumois of bone 

Clinically, h}perpaiath}ioidism associated with paiathyroid tumoi 
has been pioved to be an entit}' embiacing Recklinghausen’s disease 
Conservatne application of piesent knowledge limits the indication foi 
paiath)ioidectom} to pnmaiy hypei paratbyi oidism The persistence 
after opeiation of definite signs of the disease points to the presence 
of an uncliscoveied hjpei functioning tumor The tentative classifica- 
tion of othei conditions of vaiied etiolog}, such as iickets osteomalacia 
and loss of calcium from the bones m cases of hyperthyroidism and 
pregnancy, as secondau hypei parathjioidism has been confusing It 
has been suggested that the paiathyroid glands which piogressively 
lemove calcium fiom the hones m order to maintain a noimal lei'el 
of calcium in the blood may continue to i emo^ e exccssn e amounts long 
aftei the need has passed, and that excision of glands which prove to 
be noimal on gioss and micioscopic examination is justifiable when 
clinical findings signif}'- o^eractlMty From the information available, 
however, it appears unlikely that the removal of glands found to be 
normal will, pei se, have a beneficial effect The problem is one of 
accurate diagnosis and location of the tumoi 

The diagnosis of osteomalacia depends (1) on the difterentiation 
of primary hypeipaiathvioidism and (2) on the exclusion, m adults, 
of osteoporosis occuinng m hypei thyioidism, senility, neoplasms 
involving bones, etc In typical advanced cases of Recklinghausen’s 
disease the following observations are diagnostic a high le\el of 
serum calcium and an excessive excretion of calcium in the urine , a 
low concentration of seium phosphoius and an increased elimination 
m the urine, roentgenogiaphic evidence of a diftuse loss of calcium 

13 Hitzrot, L H , and Comroe, B I Hj^perparatliyroidism Without Para- 
Ui-vroid Tumor Arch Lit Med 50 317 (Aug- ) 1932 
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fiom the bones, usuall} \Mtli foimation of C}sts oi tumois, Inpotonia 
and muscular weakness Difficulty is encounteied in eaih cases m 
which cysts or tumois of bone aie absent The paiathiioid tumoi 
involving one oi moie glands, is fiequentl} not palpable, detection ma> 
lequiie exposure of each of the glands Peisistent h}peicalcemia asso- 
ciated with a loweied level of phosphoius is decisive H)peicalcemia 
was consistently piesent m the seven cases of osteitis fibiosa obsened 
by Bauer Undei ceitam conditions of diet and theiap). howeiei 
the level of the blood calcium may not be elevated*’ Such cases lequiie 
piolonged and caiefull}- controlled metabolic studies 

That deficiency of vitamin D is the essential cause of osteomalacia 
is indicated by vaiious studies Miles and Feng,*^ m 1925, lepoited a 
marked seasonal vaiiation m the seventy of the condition m cases 
observed m China The} found a negative calcium balance in thiee of 
four cases, obtained good results with the administiation of cod Inei 
oil and calcium, and concluded that the disease was one of dietaiy defi- 
ciency m the same categoiy as rickets The case of Gaigill, Gilligan 
and Blumgait,^- caiefull} studied foi moie than a }eai, showed a 
persistently noimal level of blood calcium and a loweied level of blood 
phosphoius, a finding which is piesent also in iickets A negative cal- 
cium balance peisisted, even though the intake of calcium gieath 
exceeded noimal lequiiements, until the patient was fed \eiy laige 
amounts of cod hvei oil concentiate The addition of iiiadiation with 
ultraviolet lays hastened the impiovement These lesults suggested 
that the condition was a foim of adult iickets Viosteiol and calcium 
theiapy have also been used with benefit’' 

SUMMAR\ 

The obseivations of neciopsy m a typical case of osteomalacia in a 
man aie piesented and discussed Besides the tvpical skeletal defoi un- 
ties, the pathologic changes of special interest weie hypeitiophy and 
hypeiplasia of the paiathyioid glands, slight h}peitioph} of the anteiioi 
lobe of the hypophysis and numerous small calcareous deposits m the 
kidneys Only two paiathyroid glands could be found These weie 
equally enlaiged and piesented micioscopic ewdence of mild Iwpeiplasia 
intei preted as a compensatoiy condition caused b} inci eased physiologic 
activity 


14 Bauer, W H 3 ’'perparathyroidism A Distinct Disease Entitj, J Bone &. 
Joint Surg 15 13S, 1933 

15 Decourt, J , and Kaplan. S Le traitement de rosteoinalacie par I’crgoste- 
rol irradie, Pans med 2 485 (Dec 3) 1932 
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AMERICAN COLLEGE OF PHYSICIANS 

The American College of Phisicians will hold its nineteenth annual clinical 
session in Philadelphia from April 29 to May 3 1935 Announcement of these 
dates IS made not only to apprise ph 3 ’'sicians generalh of the meeting, but also 
to prevent conflicting dates for the 1935 meetings of other societies 

Dr Jonathan C Meakms, of Montreal, Canada, is president of the American 
College of Physicians, and will arrange the program of general sessions Dr 
Alfred Stengel, vice president in charge of medical affairs of the Unnersity of 
Pennsylvania, has been appointed general chairman of local arrangements, and 
will be in charge of the program of clinics Mr E R Lo\ eland, executive 
secretary, 133-135 South Thirtj -Sixth Street, Philadelphia, is in charge of 
general and business arrangements, and may be addressed concerning anj feature 
of the forthcoming session 
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A System of Clinical Medicine Dealing with the Diagnosis, Prognosis, 
and Treatment of Disease , for Students and Practitioners Bj Thomas 
Dixon Savill, M D Edited by Agnes Savill, M D , assisted by E C Warner, 
M D Ninth edition Price, $9 Pp 1,063, with 163 illustrations Baltimore 
William Wood & Company, 1933 

The ninth edition of this system of clinical medicine makes its appearance 
twenty-eight j^ears after the first edition was brought out The w'ork has evidently 
been w'ell received and must have a certain amount of inherent merit to have 
survived so many editions over such a period of time and with the original editor 
supplanted by another The book represents the wmrk not of one man but rather 
of some seventeen contributors, w'ho have prepared certain sections or revised 
certain portions The list of contributors includes the names of some w'ell knowm 
English physicians, names w'hich are a guarantee of the rehabilitj of the work 
The material is presented m rather an unusual way The editor wanted to 
stress clinical medicine, therefore the classification of diseases is based largely on 
their clinical expressions An excellent example is found m the classification of 
diseases of the lungs and pleurae Roughly, these are divided into acute and chronic 
conditions and further subdivided into those that occur (1) without dulness on 
percussion, (2) wuth dulness on percussion and (3) with hyperresonance Such 
a classification may call attention to, and accentuate, the most outstanding physical 
sign or symptom, but it makes for a jumbled hotchpotch which is unwieldy and 
which IS dogmatic Dogmatism is rife throughout the book, for example “A 
patient complains of pain m the gall-bladder region, pain is paroxysmal or dull and 
continuous, and radiates to the right shoulder There is tenderness over the gall- 
bladder, vomiting and some fever The disease is acute cholec 3 ’'Stitis ” Such 
dynamic diagnoses may make medicine simple to the student, but, imfortuiidtely, 
m practice the diagnosis of pathologic conditions is not made wuth the ease implied 
m this statement and similar statements 

The book deals wutli many phases of internal medicine other than disease 
entities It starts wntli a brief discussion of case taking and methods , a 
section on physical diagnosis follow’s The discussion of each anatomic system 
IS preceded by a brief account of the symptoms that arise as a result of disease 
of this particular system Here and there some effort is made to explain the 
pathologic physiology of the underlying disorder Elsewdierc wull be found a 
number of pages devoted to diets Then comes a section giving general informa- 
tion concerning laboratory examinations, this is too brief to be of practical use, 
but it wull give the reader who is unfamiliar w'lth these examinations some under- 
standing of their purpose and value The concluding section deals w'lth a 
list of about eighty-one prescriptions for all kinds of conditions, varying from a 
solution of lead wuth 7mc to a tannic acid gargle and to an expectorant cough 
mixture for children 

The book decidedly gives one the impression of being old-fashioned, it is 
entirely too dogmatic to appeal to an> one except the most inexperienced tyro 
m the study of medicine, on whose mental processes it might produce grave injury, 
It attempts to cover too much ground m too few pages 

Nature, M D Bj Richard Kovacs. M D , Clinical Professor of Phjsical Therapv, 
New York Polyclinic I^Iedical School and Hospital Price, $2 Pp 181, with 
10 illustrations New York D Appleton-Century Companj, 1934 

This volume is one of the so-called Popular Health Senes, volumes of which 
are being published from time to time by the Appleton-Century Company It is 
an unassuming book, not too long, well printed and written, as the autho'r states 
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in the hope that laymen, as well as professional persons who are interested in the 
remedial uses of hea<^, water, sunlight, electricity, massage and exercise, mil Imd 
the information offered helpful 

It must be difficult to assemble a book dealing with medical matters which 
will interest the casually reading public and j^et be of some use to phcsicians ibis 
book has accomplished this task with a surprising degree of success The ordinarc 
physician in general, knows little aiiout the details of physical therape Heie lie 
has a chance to learn something of the theory and practice behind the popul ir 
foims of treatment which nowadacs he often prescrilies for his patients On flic 
other hand, the layman will find nothing to pander to morbid curiositi lie is 
given straightforward and honest information in regard to matters now f imih.u 
to him from well planned advertising, such as electric baths, iiottled sunshine and 
colonic irrigations On the whole, the book is worth owning 

Alcohol Its Effects on Man By Haven Emerson M D , Professor of Public 
Health Practice, Columbia Univcrsitj Price, SI Pp 114 New Yoik 
D Appleton-Century Company, 1934 

Ibis manual has been written to pro\ide school teachers and high-school and 
college students wuth authoritative information regarding the effects of akobol 
on man, as these are now' known to medical science It is written with paitieular 
simplicite from a nonpartisan point of \iew, and the essential facts of the present 
know'ledge regarding this subject arc summarired 

T he underlying purpose in preparing a book of this character is summed up 
m the concluding sentence “If the school children of the next few' decades are 
taught the facts about alcohol as these arc know'll, through the use of the scientific 
and experimental methods of the medical and social sciences, thc\ and their 
childien will be m a position to determine a rational personal and goeernmcntal 
attitude tow'ards commerce m, and beverage use of, alcohol, and thc\ ma\ then 
avoid the extremes of partisanship m argument the pitfalls of political exploitation 
of eoters, and the misinterpretation of know'ledge in commercial interest and the 
pi ess w'hich together have made so pitiful an exhibition of our people during 
the past tw elite years The book can be highh recommended and will lie helpful 
to the readers for w'hom it is intended 
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CHRONIC RHEUMATIC DISEASES OF THE SPINE 
JOSEPH L MILLER, MD 

CHICAGO 

The knowledge of chronic rheumatism has reached a stage m which 
a satisfactory classification based on pathologic changes, etiology and 
clinical manifestations can be made Two types, distinguishable 
clinically, have been accepted (1) rheumatoid arthritis, infective in 
oiigm, and (2) osteo-arthrosis, a degenerative disease Osteo-arthiosis 
of the spine is exceedingly common, in fact, no other aiticulations aie 
so frequently involved The reason for this will be considered later 
A much discussed question is Does rheumatoid arthritis attack the 
spine? As this disease begins m the synovial membrane and later 
destroys the underlying cartilage, it is not probable that it would attack 
the intervertebral disks which do not have a synovial membiane How- 
ever, the vertebrae have articulations anatomically identical with those 
of the extremities, namely, the articulations of the ribs and transverse 
processes, commonly refen ed to as the small aiticulations of the spine 
Investigation of rheumatic diseases of the spine is confined largely 
to the German literature and especially to the studies of the late Pro- 
fessor Schmorl of Dresden In his pathologic institute he was given 
permission to lemove the dorsal and lumbai spine at autopsy He 
removed approximately 10,000 spines Of these, 4,253 weie macerated 
and studied carefully, Schraoirs work being earned on in conjunction 
with that of the loentgenologist Junghanns Their obseivations have 
been lepoited m a recent monogiaph ^ At the time the spine was 
lemoved it was caiefully palpated for the presence of osteophytes, and 
if any were present their extent, location and size were recorded This 
lepoit covers only the obseivations on the 4,253 macerated specimens, 
2,115 of which were from males and 2,138 from females Schmoil 
found the age incidence to be the same m both sexes This obseivation 
is at variance with that of othei s who have reported that the incidence 
IS greater in males Schmorl accounts foi this variance on the basis 
that by palpation he was able to detect along the ^erteblal rim slight 
iidges or ii regularities which might not show up in a i oentgenogram 
One may infer from Schmorrs observations that the incidence is the 
same m the two sexes, but that the condition occurs m a more advanced 
stage in the male 

1 Schmorl, G , and Junghanns, H Die gesunde und kranke Wirbelsaule an 
Roentgenbild, Leipzig, Georg Thieme, 1932 
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Osteophytes weie not found on the spines of patients in the first two 
decades of life, they were present in 10 7 per cent of those in the thud, 
in 36 per cent of those in the fouith, in 78 per cent of those in the 
fifth and in 93 pei cent of those in the sixth decade All writers have 
recognized the age incidence of osteo-aithiosis of the spine Schmorl 
claimed that the disease is degeneratne in chaiacter and that it is the 
result of overuse 

The greater incidence of this disease in the spine indicates that 
the spine is subject to unusual strain Apparently the spine of man 
has not adjusted itself to the upright postuie Schmorl believes that 
the cause of these early changes is due to a loss of resiliency in the 
disk He lefeired to the observation made b} Rokitansky seventy-five 
years ago that the intei vertebral disk loses its resiliency with advancing 
years 

Beneke - was one of the first ohser\ ers to arrive definitely at the 
conclusion that the exciting cause of osteo-arthrosis of the spine is 
degeneration of the disk He was the fii st to observe that right-handed 
persons show more maiked lipping on the light side of the lower dosal 
and on the left side of the lumbai spine The reverse is observed in 
left-handed subjects The strain of lifting produces tension on the 
ligaments of the right side of the lower dorsal spine with a consequent 
development of osteoph}des at the points of attachment of these 
ligaments 

Schmoil has studied the foimalion of the disk from embrjonic life 
up through the advancing years Aftei he removed a spine it was his 
practice to sever the intenertebial ligaments and to obsenfe the rebound 
of the disk when fieed from the piessure of the vertebrae He 
observed that in not all instances of loss of resihcnc} is there eiidence 
of lipping 

Schmorl then made a careful stud}'’ of the structures in the disk 
The substantia spongiosa of the articulating surface of the vertebra is 
covered by a hyaline cartilaginous plate The disk proper consists of 
two distinct structures with a marked anatomic similarity the annulus 
fibrosus fibrocartilaginus intervertebralis and the nucleus pulposus The 
annulus fibrosus is made up of concentric lamellae of fibrous tissue ith 
fluid in the interstices These fibers lun obliquely m a curved line 
from one veitebial iim to the rim of the adjacent vertebra where they 
fuse uith the anteiior and posterior longitudinal ligaments The fibers 
of these ligaments are attached to the veitebra This attachment begins 
at the urn As the anteiior ligament is the larger, the attachment 
to the veitebra is more extensive The arrangement of the fibers of 
the annulus vanes at different levels of the spine to meet the needs 
for tension and extension at the various levels 

2 Beneke, Rudolph Beitr z wissensch Med 1 109, 1897 
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Beadle® said, "The course and allachment of the fibeis of the 
annulus suggests a guy lOpe whose function is to maintain the proper 
relationship of the vertebiae to each othei ” The strain of torsion 
and extension is borne laigely by these fibers \ ertical shock is boinc 
by the nucleus pulposus The inability of the disk to adjust itself 
to this strain, in conjunction with its pooi nutiition, probably accounts 
for the early appearance of degenerative changes The disk is not 
vascularized but receives its nourishment by a piocess of diftusion 
fiom the substantia spongiosa of the vertebra 

The nucleus pulposus is embedded m the annulus and, except caih 
in life, is not easily dift'eientiated fioni it It is spheiical, located 
slightly posterioily to the centei of the disk When noiinal it is slightly 
thickei than the disk, and m some instances causes a slight local bulg- 
ing when the ligaments between the veitebiae are severed It blends 
into the sui rounding annulus Structurally it differs only slightly fiom 
the annulus — ^the fibeis aie finer and more meshlike in then aiiange- 
ment, and the matrix contains more mucoid material It is more 
lesihent than the annulus, it functions wuth the annulus as a cushion 
01 shock absorber, it also mci eases the ease of lotation 

The eailiest degenerative changes in the disk appear m the nucleus 
pulposus It loses its fluidity, the fibers become desiccated and finally 
disintegrate The elastic ball is replaced by a solid mass wdiich at 
times shows evidence of calcification 

Somewhat later the annulus undeigoes similai degenerative changes 
As a result of this degeneiation the disk is thinned and loses its 
lesiliency Fuithermoie, the fibers of the annulus play an important 
idle in the fixation of the veitebra As a lesult of these changes there 
is increased mobility of the involved vertebiae Schmoil said that he 
had never seen osteophytes or lipping adjacent to a normal disk, 
although there may not be a close coi relation between the degree of 
lipping and the degree of degeneration of the disk The increased 
mobility of the spine is the most important factor in the formation of 
osteophytes This increased movement, plus a thinning of the disks, 
may result m impingement of the veitebral urns — a foim of trauma 
that would leadily lead to the formation of osteophytes A second 
factor, which Schmorl believes to be the more important, is the increased 
strain on the vertebral ligaments as a result of increased mobilit)’- 
This strain on the antenoi longitudinal ligament may give rise to irri- 
tation of the periosteum at the ligamentous attachment, with the 
formation of new bone In some cases the outgrowdh of bone is not 
confined to the vertebral rim but extends along the course of insertion 

3 Beadle, 0 A The Inter\ ertebral Discs Observations on Their Normal 
and Morbid Anatonw in Relation to Certain Spinal Deformities, ^Medical Research 
Council, Spec Rep Ser no 161 London, His Majesty’s Stationerj, Office, 1931 
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or attachment of the ligament This is additional evidence that traction 
plays a role in the development of osteoph}d;es Schmorl believes that 
this factor explains the absence of osteophytes on the posterior surface 
of the vertebrae as the posterior longitudinal ligament is only slightly 
attached to the bone, its main attachments being to the posterior edge of 
the intervertebral disk 

Anton Fischer stated that the foiniation of osteoph}tes is an effort 
to reconstruct a spine which has become functionally inefficient The 
primal y objective of the formation of osteophytes is to effect a bridging 
In addition to the osteo-aithrosis — ^the result of long continued mild 
trauma — an acute tiauma may produce similar changes This acute 
trauma is not necessaiily a blow, the same changes may follow a 
localized infection of a vcrtebia Following an acute injuiy, when 
theie IS no evidence of fracture which might be responsible for traction 
or strain, osteophytes may develop on the injured and adjacent 
vertebrae, and complete bridging may follow Pei haps this is a pui- 
poseful physiologic reaction to repair iiijuiy 

Following typhoid fever a sharpl}^ localized osteoni} ehtis demon- 
strable 111 the loentgenogram may develop m a vertebia A latei 
examination may show complete budging in the involved area In 
the feiv cases of this chaiacter that I have seen there ivas evidence of 
severe damage to the disks In one case, -with localized staphylococcic 
osteomyelitis involving a lumbar veitebra, a roentgenogram taken after 
the lesion had healed levealed bridging of the involved and adjacent 
vertebrae, but wnth an apparently normal disk Changes of this char- 
acter have been used as an aigument that osteo-arthrosis may be due 
to an infection The infection, howevei, merel}’’ damages the vertebra 
and IS only indirectly the etiologic factor in the osteo-arthrosis 

The laige majoiity of people with osteo-arthiosis of the spine are 
free from discomfoit A fe-\v suffer fiom root pains No satisfactory 
explanation for these pains has been piesented except pressure of the 
osteophytes on the neive Anton Fischei said emphatically that pres- 
sure is not a factor, but he did not state the grounds for this conclusion 
and did not offer any acceptable explanation He suggested that 
myalgia, due to an eftoit of the spinal muscles to immobilize the spine, 
may be responsible foi some of the discomfort 

Spondylitis ankylopoietica oi, as it is fiequentty called, spondjdar- 
thritis ankylopoietica is the second form of chronic iheumatism of the 
spine It may produce the following pathologic changes bony ankylosis 
of the small articulations of the spine, osteopoiosis of the immobilized 
vertebiae, ossification of the spinal ligaments, especially of the anteiior 
longitudinal ligament, development of spongy bone in the portion of 
the disk adjacent to the spongiosa of the veitebra and occasionally 
ossification of the periphery of the disk Apparently not in all cases 
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does the disease advance to the point at which all these pathologic 
changes are present 

All the wi iters whom I have consulted, with the single exception of 
Krebs, have claimed that the disease begins m the small articulations 
Krebs ^ stated that he has seen cases in which the roentgenogiams 
show normal interarticular spacing of the small articulations Further- 
more, he stated that m a few cases he has made an incision down to these 
articulations and found them normal Ciedit is usually given to 
Bechterew for the first clinical description of this disease The case 
he described, however, was ceitamly not typical, as one of the symp- 
toms was paralysis of the extremities with atiophy Strumpell, and at 
about the same time Pierre Mane, described typical cases, but they 
believed that the disease always began m the lower part of the spine 
and extended upward They both mentioned an associated ankylosing 
arthritis of the extremities Frankel ® gave the best early account of 
this disease and showed that it maj^ involve any portion of the spine 
and that it may be either localized or extensive He observed that the 
small articulations ma}^ show bony ankjdosis without ligamentous ossifi- 
cation He expressed the opinion that the disease begins in the small 
articulations In 2 of his 4 cases theie was an ankylosing arthritis 
of the extremities and in 1 case, ankylosis of the temporomaxillary 
articulation 

There is a dearth of Ameiican Iiteiature on this subject The 
early contribution by Elliott ® is an exception He stated that Virchow 
was the first to describe two different diseases responsible for ankylosis 
of the spine — one due to exostoses with budging, the other, to ankylosis 
of the small articulations and ossification of the ligaments Elliott 
refeired to the frequency of ankylosing arthritis of the extremities m 
this disease In 1 of his 5 cases the disease in the spine followed an 
ankylosing arthritis of the extremities The other 4 cases followed 
gonorrhea and showed no involvement of the joints of the extremities 

The development of typical rheumatoid arthiitis of the extremities, 
m conjunction with these spinal changes, is good evidence that 
rheumatoid aithritis may involve the spine, and the pathologic change 
that follows IS spondylitis ankylopoietica The vaiious pathologic 
changes appear to be directed toward immobilizing the spine The 
disease is most prevalent during the third and fourth decade, resem- 
bling, in this lespect, rheumatoid arthritis 

The incidence of this disease outside of special clinics for patients 
with rheumatic conditions is not very great From among 10,000 

4 Krebs, Walter Rheumaproblem 2.163, 1931 

5 Frankel, E Fortschr a d Geb d Rontgenstrahlen 7 62, 1904 

6 Elhott, G R Am J Orthop Surg 3 305, 1905 
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autopsies Schmorl lepoited only 8 cases On the other hand, Anton 
Fischer in his special clinic found 98 cases duiing a peiiod of five 
years Buckley lepoited 60 cases It is a disease chiefly confined to 
the male sex, only 6 patients in Buckley’s series were women Freund ® 
stated that in the leview of the literature he found only 1 case reported 
in the female sex In this respect the disease diffeis from rheumatoid 
arthritis Buckley made a sedimentation test on 23 patients , in all the 
late was definitely inci eased 

Bachman ® reported 60 cases in the com se of sixteen years , during 
that time he examined 2,561 spines He emphasized the frequency 
with which the sacro-iliac ligaments are invohed when the disease 
attacks the lumbal spine He referred to a case in which the symphysis 
pubis was involved All the recent Geiman liters refei to the 
increased frequency of this condition in soldieis during the late war 
This is probably accounted for by the pre\alence of acute infections 

Rarely does the disease involve the entire spine Invohement of 
the cervical spine is least fiequent In Fischei’s series the lumbai spine 
was involved in 96, the dorsal spine in 89, the ceivical spine m 54 and 
the sacro-iliac spine in 79 pei cent of the cases In practically all the 
cases which showed ln^olvement of the hip joint there weie associated 
sacro-iliac changes Frequent reference is made in the literature to 
aithritis in the hip in cases in which the spondylitis occuis in the lower 
part of the lumbai spine The rather infrequently leported incidence of 
this disease in America may possibly be explained by the fact that 
spondylitis ankylopoietica is mistaken for osteo-arthrosis uith bridging 
Anton Fischer lef erred to lepoits in the literature in which it was stated 
that this disease developed m more than one member of a family He 
observed an instance m which for two geneiations it appealed in 
two sisters 

ETIOLOGY 

The disease is infective, but is not due to a specific micio-oiganism 
or to any special gioup of bacteria Evidently a gieat ^allety of 
bacteria are capable of piodticing the chaiacteristic changes Twenty- 
nine per cent of Fischer’s cases showed rheumatoid aithritis in the 
extremities In this group the pathologic changes in the spine were 
probably due to stieptococci In 14 per cent of these cases there was 
a previous history of acute arthiitis Many cases have followed gonor- 
rhea, and it is assumed that the gonococcus can produce the changes 
peculiar to the condition The disease occasionally follows iheumatic 
fever, bacillary dysenteiy oi typhoid fever In some instances sepsis 

7 Buckley, C W Brit M J 1 1103, 1931 

8 Freund, Ernest Gelenkerkrankungen, Berlin, Julius Springer, 1929 

9 Bachman, A Fortschr a d Geb d Rontgenstrahlen 42 501, 1930 
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IS responsible for the condition In 1 case the disease followed undulant 
fevei 

It IS perhaps unnecessary to state that a patient with spondylitis 
ankylopoietica does not necessarily have a rheumatoid arthritis of 
the spine It may be said, however, that rheumatoid arthritis involv- 
ing the spine leads to pathologic changes recognized as spondylitis 
ank)dopoietica 

In 29 per cent of Anton Fischer’s senes of 98 cases, the trouble 
began with a gradual swelling of the joints of the extiemities — a 
typical rheumatoid arthritis (Whether iheumatoid aithiitis is ever con- 
fined to the spine has not been proved and is veiy difficult of proof ) 

SIGNS AND SYMPTOMS 

Pam and stiffening of the spine are the earliest mamfestations 
The intensity of the symptoms depends on the acuteness of the onset 
In some cases, stiffening of the spine, rathei than pain, is the chief 
complaint When the onset is acute (as in 2 cases recently seen by 
me) the pain along the spine may be exci uciating, and the entire 
spine may be held rigid Breathing is restiicted and painful, and 
there is a giidle-like feeling about the chest There may be severe 
pains in the extremities On account of sciatic involvement there 
may be a positive Keimg sign Piessure lateral to the spine oi 
tapping of the spinous processes is painful The tenderness may 
be more marked on one side of the spine This pain is thought to be 
due to diiect involvement of the neive ti links in the inflammator}’- 
process On awakening the patients may have a flaccid paralysis of an 
extremity which gradually subsides on change of posture Areas of 
analgesia and hyperalgesia, corresponding to nerve distribution, can be 
demonstrated over the trunk and extremities 

These acute symptoms may persist for several weeks, with moderate 
fever and leukocytosis The pain and tenderness, except along the 
spine, gradually subside Still later, although the entire spine appeared 
involved, the tenderness and rigidity become distinctly localized Aftei 
ankylosis develops the chest becomes fixed, and respiration is entirely 
diaphragmatic When the involvement is in the lower dorsal spine, the 
patient finds a kyphotic position most comfortable, and he gradually 
acquires a true kyphosis without lumbar lordosis Bending, especially 
sideways, may be very painful Marked rigidity of the spinal group 
of muscles is always present during the more acute stage of the disease 
In active cases the sedimentation test is positive Rarely is there any 
elevation of temperature, or at most it is very slight, and the same 
is true of leukocytosis 
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The roentgen findings may not be apparent for many months or 
even for a year after the onset of symptoms Krebs'* claimed that 
he had seen patients with stift spines, in whom the stiffness had been 
present for several years, who had a positive sedimentation test, but a 
negative roentgenogiam of the spine Junghanns stated that if the 
mterarticulai space in the small articulations is a isible the patient does 
not have spondylitis ankylopoietica Fischei said that another early 
change is osteoporosis of the involved veitebrae This change is more 
readily recognized than the bony ankylosis of the small articulations 
I have recently seen a roentgenogram showing an advanced stage of 
the disease, in which the density of the inAolved vertebiae was 
increased Another early finding appearing \\hen the process is in the 
lower part of the lumbar spine is a shading m the sacro-iliac region due 
to ossification of the sacro-ihac ligaments When the anterior longi- 
tudinal ligament is involved the spine has the characteristic bamboo- 
stick appearance The disks may show an inci eased density owing to 
the presence of spong} bone Osteoph}tcs are not found Schmorl 
has descnbed a fibiosis stiffening of the spine in which, probably owing 
to injury, the caitilaginous plates became \asculaiized, and this was 
followed by invasion of the disk by a firm fibrous tissue causing 
ank}dosis There is no ankjlosis of the small articulations or ossifi- 
cation of the ligaments m this disease 

Rarely does a patient iMth spond}htis ank)lopoietica show the 
maximum degiee of possible pathologic changes ^^’hether the incom- 
plete pictuie may later become complete, or uhcthcr in some of these 
cases the disease has become quiescent, has not been determined 

PROGNOSIS AND TREATMENT 

The piognosis depends on the extent of the in\olvement When 
this IS localized in the dorsal legion, disability is not extreme When 
the dorsal and lumbai legions are invohed, the degiee of disability is 
great Involvement of the lumbar spine, which practically always leads 
to lumbosacial ankjlosis, causes a considciable degiee of disabilit)'’ 
The disease does not, however, shoiten life 

While all spondylitis ank} lopoietica is not iheumatoid arthiitis, the 
method of treatment may be that used in rheumatoid aithritis As 
the results of treatment of iheumatoid arthiitis show the tieatment to 
be only moderately successful, the outlook foi good therapeutic results 
in spinal arthritis is not gieat As this disease is usually the result of 
some generalized infection, the question of removal of foci is not so 
important The usually slow onset suggests a low grade infection in 
which treatment has pioved to be of little avail In occasional cases 

10 Junghanns Arch f khn Chir 166 120, 1931 
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in which the onset is acute, I have found that lest in bed with analgesics, 
as codeine or acetylsalicylic acid, to make the patient moie comfoi table 
until the acute process subsides, j^ioved to be the most satisfactor} 
tieatment 

SUMMARY 

The two types of chionic rheumatism seen m the extiemities may 
aftect the spine Rheumatoid arthritis of the spine is usually followed 
by pathologic changes recognized as spond)ditis ankylopoietica Follow- 
ing the desciiption given by Schmorl “ the cause of the early and fie- 
quent incidence of osteo-aithiosis of the spine is discussed 

11 A complete bibliography of chronic iheumatism of the spine may be found 
m the monograph b)'^ Schmorl and Junghanns i 
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The availability foi study of an unusually large number of cases of 
peiiarteritis nodosa has revealed a significant association of this derange- 
ment with rheumatic heart disease In the last two years, of eight cases 
of typical periarteiitis nodosa verified at necropsy, four presented con- 
clusive evidence of rheumatic heart disease This evidence consisted in 
all four cases of a history of rheumatic fevei (i e , acute polyarthritis 
accompanied by fevei ) and clinical findings of rheumatic cardiovalvulai 
disease Postmortem examination revealed characteristic gross and his- 
tologic features of rheumatic fevei including m cveiy case the presence 
of Aschoff bodies 

In addition to the eight cases just mentioned the lecoids of the 
department of pathology of the Mount Sinai Hospital show that the 
diagnosis of peiiarteiitis nodosa was made in five other cases, in which 
the characteristic lesions were discovered at postmortem examination 
Two of these five cases lan a febiile couise with aithritis and piesented 
clinical evidence of iheumatic valvulai disease Postmortem examina- 
tion levealed, in addition to peiiaiteiitis nodosa, a verrucous endocarditis 
of the mitral valve in both cases and a large thrombotic mass involving 
an aortic comraissuie in one of them No Aschoff bodies i\ere found in 
the myocaidium Both cases lan the febiile course of a general infection 
accompanied by clinical evidences of glomerulonephritis In neither case 
was a positive blood cultuie obtained These cases will be reported 
subsequently 

A study of the literature reveals that because of certain supeificial 
resemblances, to be discussed later, cursoiy analogies have been drawn 
between periarteritis nodosa and rheumatic fever In attempting such 
comparisons, observeis have generally worked under the disadvantage of 
having only one or two cases of periarteritis nodosa available for study 
Those who have offered casuistic reviews of the literature have been 

From the, laboratories of the Mount Sinai Hospital 

Aided by a grant from the Lucius N Littauer Foundation 



FRIEDBERG-GROSS— PERIARTERITIS NODOSA 


171 


handicapped by inadequate or unsatisfactory data in the leports of earlier 
writers Recently, students of rheumatic fever have made careful 
descriptions of aiterial lesions, which in a few cases they have com- 
paied to those m peiiarteiitis nodosa We shall show later why these 
findings have been inconclusive A few cases of pei larteritis nodosa 
leported in the hteiature levealed, in addition to a histoiy of aithiitis, 
valvular or endocaidial abnoimahties which may have been of iheumatic 
origin One case,^ inteipieted by the authors as ‘‘sepsis with aiterial 
lesions,” was piobably an example of periarteiitis nodosa with rheu- 
matic fever (Aschoff bodies in the myocardium) These reports will be 
considered m detail aftei the presentation of four cases m each of which 
we believe we can demonstrate for the fiist time a definite conformity 
to the clinical and pathologic features of rheumatic fever and to the 
generally accepted criteiia for periaiteiitis nodosa, including the clinical 
featuies associated with such cases Special points of interest and 
significance are the piesence in one case of malignant sclerosis, and m 
two otheis, of an attack of scarlet fevei within two months piecedmg 
the immediate illness for which the patient was admitted to the hospital 

REPORT OF CASES 

Case — Histoiy — R S, admitted on March 20, 1931, a boy, 7^ years old, 
complained of heart trouble Eight weeks before, he had a mild attack of scarlet 
fever Five weeks before admission his temperature rose to 101 F , then to 103 and 
104 F Simultaneously he complained of severe abdominal cramphke pains, which 
lasted five days Following these, he had migratory pains in the joints, with some 
limitation of motion, lasting for a week He also had scrotal pain A physician 
diagnosed the condition as rheumatic heart disease There were gradually mounting 
fever, striking pallor, a hacking cough on expiration and shortness of breath even 
at rest 

Examtnahon — Examination revealed moderate dyspnea, a striking pallor and 
cyanosis of the lips The pharynx was injected and the lungs showed dulness and 
rales at both bases The heart tones were of poor muscular quality, and percussion 
revealed the left border at the midaxillary line A loud sawlike systolic murmur 
was heard over the precordium, maximal in the fifth interspace beyond the mid- 
clavicular line, transmitted to the right and heard posteriorly over the right as well 
as over the left side of the chest The liver was palpable two fingerbreadths below 
the costal margin 

Clinical Impi ession — The diagnosis was rheumatic carditis with mitral insuffi- 
ciency and myocardial failure 


1 Strang and Semsroth Streptococcic Septicemia with Vascular Lesions 
Arch Int Med 47 583 (April) 1931 

2 In the first case only positive findings will be given In the others details 
are omitted when they are identical with those in the first case Case 1 was 
reported in a survey of periarteritis nodosa in children by Rothstein and Welt 
(Am J Dis Child 45-1277 [June] 1933) 
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Couise The temperature ranged between 100 and 104 F and the pulse rate 

between 120 and 140 A definite diastolic murmur developed and a pleuroperi- 
cardial rub was heard A roentgenogram of the chest showed enlargement of the 
heart, suggesting mitral disease, and congestion of the lungs A blood culture was 
sterile, and the urine had a low specific gravity The blood showed a hemoglobin 
content of 38 per cent, and 2,400,000 erythrocytes and 16,000 leukocytes per cubic 
millimeter, with 81 per cent polymorphonuclear cells, 17 per cent lymphocytes and 
2 per cent monocytes Increasing decompensation was followed by death in cardiac 
failure on April 9 



Fig 1 (case 1) — Artentic lesions in the lung Note the thickened vessels with 
gaping lumens and the vascular streaks with miliary nodules 

Autopsy The diagnosis was periarteritis nodosa involving the lungs, kidneys, 
coronary arteries and external iliac artery, chronic cardiovalvular disease, mitral 
stenosis, and subacute rheumatic verrucous endocarditis 

Gross Examination The right pleural cavity contained 500 cc of thin straw- 
co ored fluid The lungs revealed localized fibrinous pleuritis and moderate collapse 
of the lower lobes A cut section showed numerous streaks spreading like cotton 
t reads from the hilus of the lung (fig 1) Along these streaks were numerous 
tiny mi lary nodules varying from the size of a pinpoint to less than that of a 
pinhead, shown on frozen section to be related to blood vessels The streaks, on 
emg cut across, appeared as thickened branches of the pulmonary vessels 
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The heart revealed definite fibrinous pericarditis near the origin of the pul- 
monary artery and the aorta The left auricle was somewhat dilated There was 
an old healed lesion on the posterior auricular wall There was a continuous 
verrucous endocarditis over the entire closure line of the mitral valve, forming an 
uneven shelf on the posterior cusp A few pinhead-sized verrucae were present 
also on the aortic flap The chordae tendineae were slightly thickened and in places 
showed slight fusion The aortic cusps were rounded and showed discontinuous 
verrucae on the closure lines The left ventricle showed tigering 

The liver showed an indistinct lobular structure with a cloudy appearance The 
arteries were thicker than normal Numerous reddish spots (blood vessels) on the 
surface of the kidneys corresponded to streaks in the cortex Branches of the renal 
artery as they entered the medullary-pelvic junction were distinctly thicker and 
more rigid than normal The mesenteric lymph nodes of the small intestine were 
enlarged The aorta appeared to be normal, although a branch of the external iliac 
portion was difficult to probe 

Microscopic Examination ^ The left auricle of the heart showed a severe 
inflammatory lesion with swelling and necrosis of the collagen fibers The endo- 
cardium showed an elastica-free reduplication of connective tissue with infiltration 
by histiocytes, lymphocytes and polymorphonuclear cells The myocardium showed 
interstitial inflammation with polymorphonuclear cells The mitral valve contained 
newly formed capillaries and was infiltrated by cells The ring of the mitral valve 
also contained small vessels and inflammatory cells There was a small amount of 
verrucous material in the pocket formed with the chorda tendinea The endo- 
cardium of the valve showed thickening, with subendothelial elastica-free redu- 
plication There was a small hyaline verruca at the tip of the mitral valve The 
myocardium contained numerous Aschoff bodies with swollen collagen and large 
basophilic cells with irregular margins and owl-eyed nuclei There was an organized 
fibrous pericarditis contiguous with the ring of the mitral valve A large branch of 
a coronary artery showed a periarteritic inflammatory lesion without much necrosis 
The aortic valve showed early interstitial valvulitis The right auricle showed an 
interstitial myocarditis with occasional Aschoff bodies The tricuspid valve con- 
tained a typical rheumatic inflammatory lesion of the ring with inflammation of the 
vessels and infiltration by cells The right ventricle contained foci of lymphocytes 
and numerous Aschoff bodies, mostly perivascular The pericardium showed slight 
fibrinous pericarditis There were large vessels in the pericardium showing proli- 
feration and necrosis The aorta disclosed a necrotizing periarteritis of the vasa 
vasorum in the adventitia 

The lungs showed marked atelectasis The most striking changes, however, 
were in the vessels, which showed extensive involvement by a necrotizing and 
proliferative process, with recent and old lesions (fig 2) The recent lesions con- 
sisted of swelling of the media and adventitia, with necrosis of the former and 
replacement by a band staining deeply with eosin, sometimes completely circular, 
sometimes horn-shaped or semicircular This band in some instances lay near or 
included smaller vessels and appeared to lie just beneath the endothelium The dis- 
tinction between intima and media was frequently lost There was a marked cellular 
infiltration within the adventitia and periadventitia consisting of polymorphonuclear 
cells, lymphocytes and larger mononuclear cells, as well as a moderate number of 
eosinophils Elastica stain showed an interruption, destruction and lamellation of 

3 In the more recent cases standard sections of the heart were made according 
to the technic of Gross, Antopol and Sacks (A Standardized Procedure Suggested 
for Microscopic Studies on the Heart, Arch Path 10*840 [Dec] 1930) 




Fig 2 (case 1) — Necrotizing arteritis in the lung The large vessel in the 
center shows the characteristic band of necrosis involving the media and subintimal 
region A small artery at the right shows marked periarteritis 



Fig 3 (case 1) — Fragmentation and interruption of elastica in a large artery 
of the lung , Weigert-van Gieson stain 
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the internal elastic membrane (fig 3) The endothelium showed proliferation and 
desquamation, often with encroachment on the lumen In the older lesions there 
was marked replacement by granulation tissue with newly formed capillaries in the 
periarterial and adventitial tissue often extending throughout all the layers In 
some vessels the intima was so thickened as to leave only a slit for a lumen, and in 
one artery of moderate size there w'as also thrombosis with recanalization 

Hyaline and colloid degeneration of the tubular epithelium were evident in the 
kidneys The arteries showed both acute and healed necrotizing proliferative 
lesions similar to those in the lungs The characteristic homogeneous deeply pink 
bands were again visible as well as the periarterial and adventitial infiltrations 



Fig 4 (case 1) — Necrotizing arteritis in the gallbladder Note the incomplete 
band of necrosis m the media, the periarterial infiltration, the intimal prolifera- 
tion and the incomplete closure of the lumen 


The healed lesions led to marked thickening of the walls of the vessels Some of 
the veins showed parietal thrombi, the wall of the vein adjacent to an affected 
artery having become inflamed by propagation 

The liver shoived central congestion, many arterial lesions, mostly old, resem- 
bling those 111 the kidneys, and a number of old organized vascular thrombi The 
vessels involved ivere generally not those in the portal spaces, but the larger 
branches m the broad septums 

The stomach contained characteristic lesions of the large arteries with fibrinoid 
degeneration of the media or the subendothelium and marked periarterial infiltra- 
tion and organization One or two of the arteries in the penjejunal tissues showed 
healed lesions and one showed a characteristic necrotic lesion Occasional vessels 
m the mesenteric h mph nodes showed healed lesions with organized thrombi 
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One of many sections of the spleen showed an occasional -vessel with necrosis 
and organization An old arterial lesion with necrosis, organization and marked 
thickening was found m the suprarenal gland Several sections of the pancreas 
showed old healed lesions with thickening of vessels, some of which were throm- 
bosed and recanahzed Old arterial lesions with thrombosis and recanahzation 
were found m sections of the diaphragm In the gallbladder ^\ere numerous typical 
necrotizing lesions, some showing healing (fig 4) 

In summary, this patient had no evidence of iheumatic infection 
up to the time that scarlet fevei developed eight tveeks befoie admission 
His symptoms may be classified into those definitely associated with 
rheumatic fever, namely, polyarthritis, fevei, tachycardia, pallor and 
cough, and those which are unusual in this disease We refei to the 
severe abdominal pains and cramps, and the pain in the scrotal region 
which developed about the same time As the latter symptoms occurred 
practically simultaneously with those of the iheumatic polyarthritis and 
valvular lesions all within a period of a few w'eeks, one should expect 
to find that they were all part of the same disease The abdominal 
symptoms might have been interpreted as part of the rheumatic disease 
(abdominal rheumatism), but such abdominal crises are also commonly 
observed among the symptoms of periarteritis nodosa, and at autopsy 
organic changes w^ere found to account for them in the vascular lesions 
within the abdomen Finally, w'e wush to emphasize the acute rheumatic 
history with the rapid development of organic \al\ulai change and the 
postmortem findings of typical acute rheumatic pancarditis, including an 
acute auricular lesion and numeious Aschofl: bodies in the myocardium 

Case 2^ — Htstoiy — A V, admitted on Feb 27, 1931, was a schoolgirl, 10 years 
old She had mild scarlet fever seven weeks before admission Seven days later, 
urticaria appeared w'hich lasted for four w'eeks and w'as accompanied by fever 
as high as 104 5 F Migrating pains in the joints w'crc associated with the febrile 
exacerbations Examination of the urine on one occasion re\ealed a great deal of 
albumin Three days before admission there w'cre violent abdominal pain and 
rigidity, with tenderness especially marked over the upper quadrant on the right 
side The blood count show^ed 14,000 leukocjtes wuth 79 per cent polymorpho- 
nuclears 

Clinical Impi esswn — The diagnosis was rheumatic fever w ith abdominal rheu- 
matism Because of the possibility of an intra-abdominal complication an explora- 
tory operation was performed 

Findings at Opei ation — The appendix was normal, and except for distention of 
the intestines, some fine fibrinous exudate in the gastrohepatic ligament and edema 
around the duodenal tissues, no significant abnormalities w'ere found The fora- 
men of Winslow was closed 

Course Three days postoperatively bilateral bronchopneumonia developed 
Shortly afterward a coarse pleural friction rub was heard, and there was marked 
tenderness over the whole lower part of the chest on the left side, with dulness on 

4 This case is reported with the permission of Dr Murray H Bass 
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percussion During this period a distinct loud S 3 'stolic murmur was disco\ered at 
the apex, varjnng in intensity and transmitted to the axilla, and occasionally tran- 
sitory murmurs were heard at the base of the heart Tlie temperature ranged 
between 100 and 103 to 104 F and the pulse rate from 120 to 140 The hemoglobin 
fell to 55 per cent, and the urine showed a heav}'- trace of albumin, many hyaline 
casts, leukocytes and occasional erythrocytes A blood culture was sterile 
A roentgenogram of the chest show'ed enlargement of the heart and pneumonic 
infiltration of the right base Later it was believed that there was a pericardial 
effusion Therapeutic measures w'ere unavailing and the patient died on April 19, 
seven weeks after admission to the hospital 



Fig 5 (case 2) — Verrucous endocarditis in a case of periarteritis nodosa Note 
the ridge of verrucae along the closure line of both leaflets of the mitral valve 
The small nodules at the center of each leaflet represent redundant valvular tissue 

Autopsy —HiQ diagnosis was periarteritis nodosa involving the kidney and the 
heart, acute rheumatic verrucous endocarditis of the mitral vahe and the chordae 
tendineae, moderate hypertrophy of the left ventricle and dilatation of the right 
ventricle, old and recent adhesions of the pleura and peritoneum, petechial 
(purpuric) hemorrhages of the pericardium, pleura, kidney and peritoneum, 
minute infarcts (?) of the kidney, atelectasis of the lung and congestion of the 
viscera wuth h 3 ’drothorax and ascites 

Gross Examination The right pleural caMt 3 contained 400 cc of clear 3 'el- 
lowish fluid There were easil 3 separable adhesions betu'een the pleura and the 
diaphragm on both sides, numerous petechial and purpuric spots on the visceral 
pleura and atelectasis at the bases of the lungs 
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The heart weighed 260 Gm Seventy cubic centimeters of clear strf.w-colored 
fluid was found in the pericardium The left ventricle was slightly hyp ;rtrophied 
and the right ventricle and right auricle were dilated The mitral c isps were 
somewhat thickened and opaque, and the free edges showed a contmuo is row of 
fine verrucae (fig 5) At the middle of the closure line of the posterior leaflet 
was a smooth nodule the size of a millet seed A somewhat polypoid! formation 
measuring approximately 3 mm in diameter could be seen projectin|jj from the 
closure line of the anterior leaflet at about its middle 

A moderate amount of clear yellow ascitic fluid was found m the peritoneal 
cavity Numerous edematous thick adhesions were found in the right and left 
upper quadrants The diaphragm on the right side was edematous and thickened 
The liver weighed 890 Gm , was intensely yellow on section and showed indistinct 
lobular markings The peritoneal coat of the gallbladder was thickened Both 
kidneys were enlarged There were lesions the size of split peas in the right kidney 
and one m the left — ^j'ellowish-white, triangular on section and localized to the 
cortex — which were probably infarcts The pancreas showed marked congestion 
Microscopic Examination In the heart were numerous young Aschoff bodies 
showing cells with basophilic protoplasm and ragged outlines, some with characteris- 
tic owl-eyed nuclei (fig 6) The mitral valve showed valvulitis with tjpical rheu- 
matic verrucae Two of the larger nodules seen grossly on the closure line repre- 
sented redundant valvular tissue One of the larger branches of the coronary artery 
showed a definite necrotizing lesion with destruction and fibrinoid degeneration of the 
media, thickening and fibrosis of the intima, destruction of the internal elastic layer 
and infiltration of the adventitia and periarterial region by round cells and granula- 
tion tissue The lungs showed marked passu e congestion The arteries showed con- 
siderable sclerotic mtimal thickening without inflammatory lesions There was 
marked chronic passive congestion m the Iner, tvith almost complete atrophy or 
destruction of the hepatic cells m the center of the lobules and lymphocytic infiltra- 
tion of the portal spaces The capsule showed fibrinous exudation with vascularized 
organization Occasional necrotizing arteritis was evident m the kidneys (fig 7) 
The pancreas showed marked congestion with slight atrophy of the periphery of the 
lobules In the aorta were local areas of swelling and necrosis of collagen fibers 
In and about these areas there were prominent vasa vasorum which shoved peri- 
arterial infiltration chiefly by round cells with few leukocytes The infiltration was 
especially marked m the inner third of the adventitia and m some places imolved 
the media as well The gallbladder showed thickening of the serosa with organiz- 
ing peritonitis The diaphragm showed marked degeneration of the muscle fibers, 
and an organizing exudate was found on the peritoneal surface with marked thick- 
ening of the diaphragm 

In this case, as in the first, the onset of the illness was with an 
attack of scarlet fevei Polyarthritis with fever and albuminuria were 
present eaily But these symptoms were associated with an attack of 
violent abdominal pain and abdominal iigidity which led to an operation, 
at which edema and fibrinous exudate weie found aiound the duodenal 
tissues and gastrohepatic ligament, but with no purulent focus I^ter 
there developed valvular disease of the heait, anemia, continued fever, 
pericarditis and enlaigement of the heait Again, as in the first case, 
there was a simultaneous association of iheumatic fevei with abdominal 
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symptoms, the lattei so maiked as to suggest an mtra-abdommal compli- 
cation, foi which the operation was peifoimed Postmoitem examination 
revealed veriucous endocaiditis with fresh Aschoif bodies in the heart 
and typical peiiaiteiitis nodosa m the heart and kidneys 

Case 3 — Histoiy — A M, a man, aged 33, was admitted on klarch 11, 1931, 
with a complaint of fever and abdominal cramps for four weeks and migratory 
pains m the joints for two or three weeks He had used alcohol to excess for six 
years He gave a history of frequent sore throats and recurrent tonsillitis since 
childhood He had gonorrhea twelve years before, vith reinfection ten months 
before admission, but following active treatment had had no symptoms for eight 
months The illness for which he was admitted began one month before with 
severe tonsillitis and cervical adenitis accompanied hi chilliness and fever with the 
temperature at 103 F The fever persisted for two or three da\s, and the patient 

was confined to bed for one week On arising, pain in both knees required him to 

return to bed Soon thereafter, pain and tenderness appeared in rapid succession 
in the elbows, ankles, shoulders and wrists and the metacarpophalangeal and 
clavicular joints A purpuric rash appeared on the thighs According to the 

patient, the joints of the ankles had been swollen, reddened and covered with a 

purpuric rash similar to that on the thighs For two or three weeks persistent 
fever between 101 and 103 F , profuse sw'cats and recurrent arthritis had been 
present In the past jear he had had numerous attacks of distinct epigastric 
cramps, the last attack being followed bj diarrhea associated with nausea and 
vomiting The present abdominal symptoms w'cre more sc%crc than in prcMOus 
attacks Four days before admission there was an unusualh dark stool, though 
not frankly tarry, followed by constipation for three dajs 

Examination — The patient was febrile and grunting with pain in the abdomen 
and in his joints Examination of the heart revealed s^stohc murmur at the apex 
and over the left precordium The second pulmonic sound was ringing and accen- 
tuated, and there w'as a suggestion of a pericardial friction rub The abdomen 
showed rigidliy, probably voluntary There was tenderness in the Inpogastrium 
with pain referred posteriorlv to the lumbosacral region The patient complained 
of extreme tenderness over the knees and right hip, with limitation of motion of 
these joints There was a patellar click on both sides On the flexor surfaces of 
the thighs was a purpuric macular rash, and a similar spray of macules was seen 
at the right lower costal margin posteriorly The tourniquet test was positive 

Chmeal Impi ession — The diagnosis was acute rheumatic fev'er w'lth vusceral 
mamfestations, and ileus, either toxic or due to intestinal vascular thrombosis 
Gonorrheal endocarditis was considered, and another suggestion was erjthema with 
visceral manifestations (Osier’s syndrome) 

Com sc — The blood pressure was 145 sjstolic and 105 diastolic The hemo- 
globin content was 86 per cent, and there were 17,000 leukoevtes per cubic milli- 
meter A prostatic smear was negative for gonococci 

Abdominal symptoms now dominated the clinical picture The surgeon’s impres- 
sion was that of peritonitis secondary to acute appendicitis An exploratory opera- 
tion gave essentially negative results The appendix was removed Then sj^mptoms 
of acute nephritis and uremia appeared At about this time the pathologic report 
on the appendix was that it showed multiple foci of necrotizing arteritis in all 
phases In the next two months the temperature ranged between 101 and 103 F, 
the pulse rate between 100 and 120 There was increasing pallor, the hemoglobin 



FRIEDBERG-GROSS— PERIARTERITIS NODOSA 


181 


content being 47 per cent Acute epididj mo-orchitis developed Four blood cul- 
tures were sterile The Wassennann test of the blood and the gonococcic comple- 
ment-fixation test were negative Death from cardiac failure occurred on May 18 

Autopsy — The diagnosis \\as subacute periarteritis nodosa involving the heart, 
kidneys, gallbladder, pancreas, liver, lungs, diaphragm, stomach, intestines, bronchi 
and mesentery, rheumatic verrucous endocarditis, subacute fibrinous pericarditis, 
pericardial effusion , hj^pertrophy (moderate) of both ventricles, and productive 
meningo-encephalopathy 

Gross Examination The general appearance ivas one of marked emaciation and 
moderate pallor There was a fading purpuric area on each heel The parenchyma 
of the lungs showed closely packed minute pale nodules, smaller than miliary 
tubercles, and a few arteries filled with adherent pale red thrombi Two hundred 
cubic centimeters of pericardial fluid was found, and a shaggy fibrinous exudate was 
present on the pericardium There was nodular thickening of the coronary arteries 
On the mitral valve small verrucae were scattered along the line of closure The 
web of the leaflet was vascularized The chordae tendmeae were thickened The 
diaphragm showed nodular thickening along the course of one of the larger arteries 
In the liver irregular areas of hemorrhage were seen Branched fibrous scars 
showed, on section, thickened obliterated arteries Aneurysms and thromboses were 
seen m the left lobe In the gallbladder, nodules the size of a pea along the course 
of the cystic artery were filled with blood clot Also m the pancreas were a 
number of pea-sized aneurysms filled with blood clot In the kidneys a 
number of tiny nodules were found in the course of the arcuate arteries and their 
branches, and there were hemorrhagic areas on the surface and in the pelvis 
(fig 8) Characteristic nodules were found along the course of many vessels of 
the gastro-intestmal tract The right testis showed alternating areas of ischemia 
and congestion In the brain there was thickening of the left vertebral artery near 
Its junction with the right vertebral artery 

Microscopic Examination Several sections of the heart through the myo- 
cardium revealed t 3 '^pical interstitial rheumatic lesions, including young Aschoff 
bodies In the epicardium were numerous t 3 pical artentic lesions m the healing 
stage A thick fibrinous pericardial exudate was found The small and middle- 
sized arteries of the lungs showed acute necrotizing arteritis with cellular infiltra- 
tion and occasional thrombosis There was occasional evidence of hemorrhage 
with calcification 

The liver showed numerous artentic lesions in the healing stage There was 
complete closure of arterial lumens due to organized thrombi An aneurysmal 
artentic lesion with a recent complete thrombus was found in the pancreas, also 
healing artentic lesions Aneurysmal arterial lesions were found also in the supra- 
renal glands, as well as the fibrosing stage of arteritis In the kidneys were many 
acute and chronic necrotizing and healing artentic lesions with periarterial cellular 
infiltration, similar to those in the other organs Some glomerular lesions resem- 
bled those of subacute diffuse glomerulonephritis of the intracapillary type The 
testis showed necrotizing arteritis Acute artentic lesions were found in the 
submucosa and muscularis of the appendix (fig 9) 

As m the pieceding two cases, fevei and pol5^arthntis weie associated 
with abdominal pain As in the second case, the abdominal pain domi- 
nated the clinical pictuie and led to an opeiation which yielded no 
adequate explanation of the symptoms until necrotizing arteritis was 
found m the appendix The patient had a history of fiequent sore 



Fig 8 (case 3) — Necrotizing arteritis in the kidncjs Note the hemorrhagic 
arteritis on the surface The cut section at the right shows thickened vessels and 
a large hemorrhage at the upper cali\ 
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throats and recurrent tonsillitis since childhood, and the piesent illness 
was initiated by an attack of severe tonsillitis The clinical diagnoses 
of acute iheumatic fever with visceial manifestations and eiythema 
with visceral manifestations (Oslei’s syndrome) weie made at the fiist 
examination Later there was a clinical pictuie of glomeiulonephritis 
with uremia, and at the end caidiac symptoms dominated Postmortem 
examination revealed widespread pei lartei itis nodosa m the active and 
healing stages In this case the lesions were giossly visible, and there 
was present, in addition, the charactei istic formation of aneurysms and 
thromboses which have been frequently described m this disease It is 
conceivable that the gi eater numbei of healed lesions and the aneuiysms 
weie associated with the longei histoiy of abdominal symptoms Purpuia 
associated with arthritic manifestations has been occasionally noted 
before ° m cases of periaiteritis nodosa, and has sometimes led to the 
clinical diagnosis of Schonlein’s purpura (peliosis iheumatica) 
Epididymo-orchitis has also been noted before, geneially caused by 
neciotic lesions m the testiculai aiteries Finally, we want to mention 
the involvement of the pulmonaiy vessels heie as in the hist case, as 
such an involvement has been noted only occasionally befoie® This 
case, theiefore, piesented classic evidence, both clinically and patho- 
logically, of peiiarteritis nodosa simultaneously with clinical symptoms 
and pathologic confiimation of iheumatic pancarditis, including the 
piesence of Aschoff bodies 

Case 4 — Htstoj y — A S , a woman, aged 30, was admitted on Aug 6, 1933, 
with a complaint of headaches, weakness, nausea and vomiting for four weeks 
An attack of rheumatic fever at 11 3fears of age lasted for three months and 
another attack at 16 lasted for one month In the past few years the patient had 
noticed dyspnea on exertion, occasional precordial pain and palpitation In the 
last SIX months nocturia (five or six times each night) had been present Aside 
from these symptoms, she was fairly well until four weeks before admission when 
violent frontal and vertical headaches developed, with a blurring of vision, accom- 
panied by occasional hematuria, moderate burning on urination, continuous 
nausea and vomiting A new symptom \vas diffuse abdominal pain In the pre- 
ceding three days a slight cough developed, wuth blood-specked sputum and pain 
m the right side of the chest anteriorly There had been occasional night sweats 

Exaimnation — The blood pressure was 206 systolic and 146 diastolic The 
breath had a urinous odor, and there were drowsiness, vomiting and twitching 
The heart was enlarged, and there was a long blowing diastolic murmur to the 
left of the sternum, best heard at the apex A gallop rhythm was evident at the 
apex The second pulmonic and second aortic sounds were reduplicated, the former 

5 (a) Zimmermann Arch f Heilk 15 167, 1874 {b) Schreiber Inaug 

Dissert , Konigsberg, 1904 , quoted bj Gruber (c) Lamb Periarteritis Nodosa 
A Clinical and Pathological Rcmcw of the Disease, Arch Int Med 14 481 (Oct ) 
1914 ((f) Frommel Ann de med 19 42, 1926 (c) Hutinel, Coste and 
Arnaudet Arch de med d enf 33 355, 1930 

6 Ophuls, W Periarteritis Acuta Nodosa, Arch Int Med 32 870 (Dec ) 

1923 
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being louder The fundus oculi showed marked papillitis with destruction of the disk 
markings , the veins were engorged, and the optic disk was reddened Urinalysis 
revealed marked albuminuria, a low specific gravity and many erythrocytes The 
blood urea nitrogen was 115 mg per hundred cubic centimeters The Wassermann 
test of the blood was negative , the hemoglobin content was 45 per cent 

Cluneal hnpiession — The diagnosis was rheumatic cardiovalvular disease, 
mitral stenosis (^) and malignant sclerosis with uremia 

Couise — Increasing signs of uremia developed with convulsions and pulmonary 
edema, and death occurred suddenly on August 8, three days after admission 

Autopsy — The diagnosis was periarteritis nodosa of the heart, iliac arteries, 
gallbladder, kidneys, intestines, liver, pancreas and bladder, malignant nephro- 
sclerosis , marked hypertrophy of the left ventricle and slight hypertrophy of the 
right ventricle, pulmonary edema, hemorrhagic gastritis and ileitis, and bilateral 
chronic salpingitis 

Gross Examination The heart weighed 700 Gm There was marked hyper- 
trophy of the left ventricle, and the mitral valve flaps were thickened and their 
edges rounded There was fusion of the right posterior commissure with bridging 
of the aortic valve A yellowish-wliite, firm nodule was found on the serosal 
surface of the gallbladder On section this nodule had a lumen and was in close 
proximity to an artery The surface of the kidnej s was granular and pale red, iv ith 
scattered, elevated areas of hemorrhage the size of a pinhead Irregular grayish- 
white areas were found m the cortex, which was somewhat narrow The medulla 
was congested and had areas of hemorrhage The interlobular arteries were visibly 
thickened, and their narrowed lumens gaped w'ldely on the cut section There W'ere 
grayish nodules on the serosal surface of the ileum 

Microscopic Examination The endocardium of the left auricle show'cd an 
acute lesion with swelling and necrosis of collagen and cellular infiltration (fig 10) 
The mitral valve was thickened , there w'ere sw'elling and necrosis of its substance, 
marked capillanzation and infiltration by round cells and a few polymorphonuclear 
cells On the anterior cusp of the mitral vahe, near the closure line, w'as an early 
verrucous hyaline deposit The aortic valve showed somcwdiat similar changes 
with collagen swelling, fibrinoid degeneration, infiltration by cells and vasculariza- 
tion of both the valve and the ring The tricuspid valve showed similar but less 
marked changes The myocardium contained focal areas of cellular infiltration and 
near the ventricular endocardium an occasional Aschoff body, including the char- 
acteristic multinucleated cells 

In the kidneys some glomeruli had tufts adherent to the capsule, and others 
were entirely hyalinized The most marked alterations w'cre m the ^esscls Both 
the larger interlobular branches and the smaller arteries and arterioles were 
involved in a necrotizing arteritis There was occlusion of many vessels by throm- 
boses and organization The stomach revealed moderate vascular alterations, and the 
vessels of the intestines showed intimal proliferation wnth encroachment on the 
lumen The entire wall of the gallbladder was thickened, all coats being involved, 
especially the serosa The vessels showed the characteristic necrotizing infiltrative 
changes already described (fig 11) There were thickened vessels in the portal 
spaces of the liver, and the little vessels in the interlobular spaces of the pancreas had 
thickened walls with small lumens The urinary bladder showed typical arterial 
lesions 

The patient had lecunent attacks of rheumatic fever between the 
ages of 11 and 16 years Her present symptoms of foui weeks’ duration 




Fig 10 (case 4) — The endocardium of the left auricle showing acute inflam- 
mation with swelling and necrosis of collagen and cellular infiltration 



Fig 11 (case 4) — Necrotizing arteritis of the gallbladder There is severe 
necrosis with loss of boundaries between the various arterial layers, and marked 
arterial and periarterial inflammation 
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were those of uremia She had, m addition, noctuiia, albuminuria and 
hematuria Because of the lapid course of the disease, the severe 
hypertension, the hematuiia and the neuroretmitis the patient was con- 
sidered clinically to present typical malignant nephrosclerosis In 
addition theie was diffuse abdominal pain, the origin of which was 
not deal Examination of the heart pointed to rheumatic mitral stenosis, 
a diagnosis which was supported by the histoiy of rheumatic fever, but 
this element m the case was neglected in view of the dominating picture 
of uremia Postmortem examination showed widespread typical peri- 
arteritis nodosa, although macroscopically this could be suspected only 
from the presence of a single large nodule on the cystic artery As m 
the other cases presented, the abdominal pain was a significant and 
confusing symptom Despite the presence of this and the renal 
symptoms, the clinical pictuie of malignant sclerosis was too cleancut 
to allow any suspicion of the presence of pei lai teritis nodosa 

A definite history of rheumatic fever, together with physical signs 
of mitral stenosis, was piesent in this case, but there was no attack, as 
far as could be detei mined, immediately preceding the patient’s admis- 
sion to the hospital However, postmoitem examination revealed, in 
addition to old thickening and vascularization of the valves, an acute 
rheumatic auricular lesion and occasional typical Aschoff bodies 

The postmoitem findings in the kidney included such vascular lesions 
as are ordinarily found m pei lartei itis nodosa, as well as those altera- 
tions (extreme vascular narrouing) which confiimed the clinical diag-' 
nosis of malignant sclerosis 

COMMENT 

Befoie discussing the significance of the not infrequent association 
of acute rheumatic fever with peiiarteiitis nodosa as demonstrated m 
our cases, brief mention should be made of the critei la employed for the 
diagnosis of these conditions Foi the purposes of this report we have 
assumed that the presence in the myocaidium of typical Aschoff bodies 
was essential for the diagnosis of iheumatic heart disease At the 
same time we must emphasize that m each of the cases repoited there 
was, in addition, a history of febiile potyarthntis , in three this occurred 
during the final hospitalization In the fourth case there had been 
at least two definite attacks of iheumatic fever between the ages of 
11 and 16 yeais requiimg lest in bed for fiom one to three months 
each time Furtheimore, in each case theie weie physical signs which 
indicated the presence of rheumatic heart disease Finally, at post- 
mortem examination there weie not only Aschoff bodies but otlier 
evidences of rheumatic carditis, such as acute auriculai lesions, inflam- 
mation and vascularization of the valves, collagen necrosis, fibrinous 
pericarditis and characteristic rheumatic verrucous vegetations on the 
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valves We have not been able to accept such isolated and less common 
pathologic findings as were utilized recently by Rossle and by Khnge 
and his co-workers for the diagnosis of rheumatic disease Had we 
been less strict in our criteria, we might have included at least three 
other cases of periarteritis nodosa associated with rheumatic heart 
disease 

Even tliough it is likely that periarteritis nodosa is not a specific 
disease, but results from the activity of many toxic or infectious agents, 
there are, nevertheless, certain features which clearly distinguish it — 
features not present in those isolated instances of arteritis described by 
Wiesel,^ Wiesner,® Siegmund® and others in scarlet fever, diphtheria, 
typhoid fever, influenza, pyemia and other forms of chronic bacterial 
infections The descriptive basis for the diagnosis of periarteritis nodosa 
has been presented in detail m the protocols Briefly, this has consisted, 
on the one hand, of an alterative degenerative process in the media, 
sometimes including the intima, sometimes all three coats, leading to a 
characteristic ringlike band of necrobiotic tissue including degenerated 
muscle cells and fragmented elastica In addition, there has been 
arteritis, most marked m the media and adventitia, including periarterial 
infiltrations, frequently with evidences of healing as indicated by the 
invasion of the area by granulation and fibrous tissue 

Periarteritis nodosa has a fairly definite though protean clinical 
picture, on the basis of which Redlich,^® Stepp, Beer,^^ Sacki and 
others have been able to make the diagnosis during life even without 
biopsy As can be seen from Gruber’s review of cases up to 1926 
and from more recent reports, the same clinical features are present 
in the gieat majority of the patients These consist, in brief, of a 
febrile illness (m about 90 per cent) resembling a chronic general 
infection (sepsis) but with negative blood cultures, renal symptoms 
resembling nephritis, acute abdominal symptoms simulating an acute 
intra-abdominal complication or those of enterocolitis, and polyneuritis 
or polymyositis simulating pains of rheumatic fever From this it can 
be seen that the failure to make an accurate diagnosis intra vitam is due 

7 Wiesel Wien klm Wchnschr 19 723, 1906, Med Klin 19 163 and 197, 

1923 

8 Wiesner Wien klm Wchnschr 19*725, 1906 

9 Siegmund Centralbl f allg Path u path Anat 35 276, 1924 

10 Redlich, quoted by Silbermann Monatschr f Psychiat u Neurol 2 225 
1929 

11 Stepp Deutsche med Wchnschr 56 437, 1930 

12 In an unpublished case in our senes 

13 Sacki Med Klm 29' 44, 1924 

14 Gruber Zentralbl f Herz- u Gefasskr 18 145, 165, 185, 205 226 245 

and 269, 1926 . . . 
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not to the inadequacy or indefiniteness of the symptoms but to the 
variety of common diseases which periarteritis nodosa can simulate 
because of its extensive pathologic processes In two of the cases 
reported here the symptoms suggested the presence of intra-abdommal 
complications and were followed by exploratory operations which gave 
negative results The local arterial lesions described in various infectious 
diseases rarely constituted the basis of clinical symptoms 

Not only does periarteritis nodosa, in the majority of cases, manifest 
Itself clinically in a fairly characteristic mannei, but there are also 
pathologic alterations distinguishable from those m other infections The 
disease is not characterized merely by the presence of a destructive 
and inflammatoiy vascular lesion, although this is fundamental The 
cases we have presented, as well as those previously reported, indicate 
that the vascular lesions are scattered throughout the body and involve 
almost invariably the heart and kidneys and generally the liver and 
the gastro-intestinal tract Furthermore, within any given organ or 
section of an organ the vascular involvement is most extensive, including 
the mam arteries as well as the finei arterial branches Generally (in 
our cases, three of four), though not invariably, there is macroscopic 
visibility of the lesions in the organ either in the form of nodules 
(aneurysms) along the arterial course or at least in the form of streaks 
made by the extensively thickened vessels 

These points are mentioned as a basis for contrast with the changes 
in othei diseases to be described later in which occasionally an analogous 
lesion was present But in these othei diseases the lesions immlved 
at most one or two organs in any given case, implicated only the finest 
arterial branches, weie never macroscopically vusible and generally gave 
no clinical symptoms We exclude, of course, mycotic aneurysms in 
general infections and aneurysms due to syphilis, because in these 
instances a specific causative oiganism is available and the lesions are 
readily distinguishable micioscopically It is significant that in the 
cases we have seen, as well as in the extensive material previously 
reported, the microscopic lesions of periarteritis nodosa as observed in 
biopsy specimens, whethei taken fiom subcutaneous nodules or from 
an organ lemoved at opeiation, have been sufficiently characteristic 
when considered with the clinical featuies of the disease to permit a 
correct diagnosis as confiimed by later postmortem examination 

On the basis of the strictest ciiteria for rheumatic heart disease and 
of the charactei istics generally acceptable for the diagnosis of peri- 
aitentis nodosa we have reported four cases in each of which these 
diseases were associated On the basis of other evidence, a relationship 
between these two diseases has been repeatedly conjectured before 
We wish to review this evidence briefly 
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Clinically, both conditions suggest infectious diseases with a rathei 
prolonged febrile, “septic” course, yet with persistently negative 
blood cultures In both, arthritic symptoms, cutaneous manifestations 
including subcutaneous nodules, anemia and tachycardia present super- 
ficial resemblances Experimental attempts (Siegmund,^ Klmge and 
Metz to pioduce m animals the tissue changes of rheumatic fever or 
periarteritis nodosa have gained results which, according to the experi- 
menters, resembled both diseases In both instances one is dealing with 
a disease of unknown etiology Both have been considered by definite 
groups of investigators to be the expression of an allergic leaction in 
a person sensitized to more than one agent rather than the result of 
infection by one specific organism Strong support for the allergic 
theory has been found in the obseivation that both diseases are fre- 
quently preceded by one of a large number of bacterial infections or 
specific infectious diseases 

Ophuls,® Gruber and others have listed rheumatic fever among a 
large gioup of infectious diseases m the previous history of patients 
with periarteritis nodosa However, of the cases now available in the 
literature (almost two hundred) we have been able to discover only 
sixteen with a preceding history of arthritis or rheumatic fever It is 
difficult to determine whether these were cases of rheumatic infection 
in the stricter sense in which we employ the term It must be remem- 
bered that a considerable percentage of patients with periarteritis nodosa 
suffer from polymyositis, and that undoubtedly some of the patients 
with so-called pains in the joints were really suffering from muscular 
disease Other cases with vague arthritic pains without associated 
fever were probably instances of infectious or rheumatoid arthritis 
rather than of acute rheumatic fever This belief is substantiated by 
the fact that m individual repoits of cases, at least as given m the litera- 
ture, there is no mention of cardiovascular disease clinically or of 
postmortem evidence of rheumatic endocarditis, myocarditis or valvular 
deformity The presence of rheumatic purpura (pehosis rheumatica or 

15 Klinge Beitr z path Anat u z allg Path 83 185, 1929 

16 Metz Beitr z path Anat u z allg Path 88 17, 1931 

17 (ai) Gruber Virchows Arch f path Anat 258 441, 1925 (b) Benedict 

Ztschr f khn Med 64i 405, 1907 (c) Balo Virchows Arch f path Anat 

272 478, 1929, cases 1, 2 and 9 (d) Blum Wien klin Wchnschr 42 40, 1929 

(e) Bock Ztschr f Augenh 69 225, 1930 (/) Erlandsson Acta psychiat et 
neurol 6 369, 1931 (g) Herrenschwand Klin Monatsbl f Augenh 83 419, 
1929 (/i) Carling and Hicks Lancet 1 1001 (May 19) 1923 (i) Longcope 

Bull Ayer Chn Lab Pennsylvania Hosp 5 1 (Dec ) 1908 (;) Stengel 

Deutsches Arch f khn Med 167 1, 1930 (b) von Spindler Med Klin 26: 

1466, 1924 (/) Rosenblath Ztschr f klin Med 33 547, 1897 (m) van Paasen 

Nederl tijdschr v geneesk 73 4020, 1929 Schrieber Hutinel 
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Schonlem’s disease), as in the cases of Zimmermann,®'^ Schreiber,®'' 
Lamb,®*^ Frommel®^ and Hutinel and his co-woikers,®° in which the 
purpura (rather common in peiiaiteritis nodosa) was associated with 
arthralgias, can in no way be interpreted as an attack of rheumatic 
fever Of these cases only Lamb’s was marked by clinical or patho- 
logic evidence of cardiac involvement 

There are, however, repoits of six cases in addition to those named 
in which endocarditis was found at postmortem examination None of 
the authors of these lepoits mentioned Aschoff bodies or offered any 
other evidence to substantiate the rheumatic nature of the lesions 
Motta’^® found chronic endocaiditis of the mitral valve and acute endo- 
carditis of the aoitic valve No history is given, and no microscopic 
observations are mentioned Lewis’ case was not associated with a 
history or clinical evidence of iheumatic infection, but the author spoke 
of mural endocarditis found at postmortem examination 

In the other four cases there is considerable though not conclusive 
evidence to indicate that penarteiitis nodosa was truly associated with 
rheumatic disease Benda’s patient (case 2) had had rheumatic fever 
with valvular disease clinically and showed chronic and recurrent endo- 
carditis of the mitial and aortic valves at postmortem examination 
Lowenberg’s patient had a rheumatic histoi y , systolic and diastolic 
cardiac murmurs and, at autopsy, chronic fibrous endocarditis of the 
aoitic valve Janssen’s -- patient had a history of both scarlet fever and 
rheumatism and clinical evidence of aortic stenosis and insufficiency, 
and postmoitem examination revealed lecurrent verrucous endocarditis 
with scarnng of the aortic valve Neither of these reports gave micro- 
scopic descriptions Lamb’s fii st patient had acute polyarthntis with 
a macular and purpuric eruption In addition theie was a pericardial 
rub The clinical diagnosis was Schonlem’s disease At postmortem 
examination there were an acute inflammatory exudate on the peri- 
cardium and an endocarditis of the initial and pulmonary valves Micro- 
scopically the vegetation was described as consisting of organizing tin om- 
bus with cocci on the suiface, but theie were no other microscopic cardiac 
findings suggesting rheumatic fever It must be clear that these cases 
cannot be accepted as conclusive for the presence of rheumatic disease 
any more than the thiee cases of ouis mentioned earlier which are not 
included in this repoit It should be remembeied, however, that none 
of these writeis were investigating their cases from the point of view of 

18 Motta Ann Fac de med de Sao Paulo 4 99, 1929 

19 Lewis Proc Path Soc Philadelphia 14 134, 1911-1912 

20 Benda Berl klin Wchnschr 45 353, 1908 

21 Lowenberg Med Klin 19 207, 1923 

22 Janssen, P Ztschr f urol Chir 10 130, 1922 
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rheumatic fever, and that study from this point of view might have 
revealed moie conclusive proof 

A few cases desciibed in the literature as cases of sepsis may well 
have been instances of periarteritis nodosa associated with rheumatic 
fever Case 1 of Edinger and case 4 of Semsroth and Koch are 
examples of this More pertinent is the case of Strang and Semsroth ’■ 
(also repoited as case 2 of Semsroth and ICoch) presented as an 
instance of vascular lesions in Streptococcus vindans septicemia The 
illustrations and descriptions are highly suggestive of periarteritis 
nodosa In this case Aschoff bodies weie found in the myocaidium 
The veriucous vegetations appear to have been those of a rheumatic 
rather than those of a bacterial endocarditis The only positive blood 
culture was one made just befoie death, but such positive cultures may 
occasionally be encountered m rheumatic fever (Lichtman and Gross 
Another argument for the relationship of periai teritis nodosa to 
rheumatic fever has been seen in the discovery of arterial lesions 
in rheumatic disease Since Bouillaud’s classic treatise in 1840, the 
association of arterial disease with rheumatic fever has been mentioned 
by numerous French writers Except in the cases of Hanot and 
Leger,^^ this association was based purely on clinical grounds, and in 
the reports of those writers microscopic descriptions are not available 
In 1904^° and again in 1906,®° m his discussion of Lupke's presenta- 
tion of periarteritis nodosa among stags, Aschoff mentioned that occa- 
sionally in rheumatic endocarditis there were nodular thickenings on the 
smallest branches of the coronary arteries due to circumscnbed pen- 
arterial inflammatory changes with medial destruction These reminded 
him of periarteiitis nodosa Geipel, in 1907,®^ also spoke of changes in 
rheumatic heart disease resembling periarteritis nodosa, and descnbed 
two instances of a destructive process involving the anterior descending 
coronary artery and on one vessel a suggestion of a beginning aneurysm 
He could not determine whether vessels in other paits of the body were 
similarly affected Whatever destructive elements were present in these 
vessels he ascribed to the mechanical pressure from rheumatic nodules 

23 Klinger Frankfurt Ztschr f Path 455, 1931-1932 

24 Semsroth, K, and Koch, R Krankheitsforschung 8 191, 1930 

25 Lichtman and Gross Streptococci in the Blood in Rheumatic Fever, Rheu- 
matoid Fever and Other Diseases, Arch Int Med 49:1078 (June) 1932 

26 Bouillaud, J B Traite chnique du rheumatisme articulaire, Pans, J B 
Bailhere, 1840 

27 Hanot Presse med 1.171, 1894 
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29 Aschoff Verhandl d deutsch path Gesellsch 18 46, 1904 

30 Aschoff Verhandl d deutsch path Gesellsch 19 157, 1906 
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In 1909®- he described seven cases of rheumatism, in two of which 
there were destructive changes in the smaller vessels with secondary 
intimal growth due to the pressure of Aschoff bodies At the same 
time, m a description of vascular lesions in rheumatism, Coombs®® 
mentioned the smallest blanches of the coronal y arteries as being the 
seat of nodulai periai teritis 

The nonsyphihtic aneurysms discovered in cases of rheumatic fevei 
have been sometimes interpreted as showing a significant similarity to 
the aneurysms frequently piesent in periarteritis nodosa In such cases, 
if postmortem findings and satisfactory bactei lologic studies are not 
present, one must consider the possibility of the mycotic origin of the 
aneurysms, and interpret the condition as bacterial endocarditis compli- 
cating rheumatic heart disease Siegmund ®^ found mycotic aneurysm 
in 21 per cent of cases of “sepsis lenta” Klotz’ case (1913) ®® with 
aneuiysm of the ascending aorta may be of this type We have alread) 
mentioned Geipel’s report ®^ m which there was a suggestion of an 
aneurysm of a coronary artery The diagnoses of Renon ®° and of 
Bezangon and Weil®^ weie made on roentgen examination, and no 
pathologic report is available 

The first really detailed description of arterial changes in rheumatic 
fevei was made by Klotz ®® m 1912 These changes rarely affected the 
main coronary arteiies, generally involving the finer ramifications 
Further, these alterations were onl} slightly destructive, being mostly 
those of productive inflammation 

Very suggestive is the case of recurrent rheumatic fever described 
by Watjen®® in which there was panarteritis with destiuctive changes 
involving the smaller coronary branches in the myocaidium He spoke 
of the lesion as arteritis nodosa rheumatica but reserved opinion as to 
its relation to periarteritis nodosa The only pathologic changes were 
in the heart An added point of interest in this case was the infiltra- 
tion of the subpeiicardial region by eosinophils, as extensive eosinophilic 
infiltrations have been described in periarteritis nodosa 

The arterial lesions thus far described in iheumatic ferei have gen- 
erally involved a single organ, usually the heart or the aoita More 

32 Geipel Munchen med Wchnschr 56 2469, 1909 

33 Coombs Quart J Med 2 22, 1908, Bnt M J 1 620, 1911 

34 Siegmund Munchen med Wchnschr 72 639, 1925 

35 Klotz J Path & Bact 18 259, 1913-1914 

36 Renon, Louis Conferences pratiques sur les maladies du coeur et des 
poumons. Pans, Masson & Cie, 1906 

37 Bezangon and Weil Ann de med 19 175, 1926 

38 Klotz Tr A Am Physicians 27 181, 1912 

39 Watjen Verhandl d deutsch path Gesellsch 18 223, 1921 
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Significant is the report of Von Glahn and Pappenheiiner,^® who, in 
foity-seven cases of iheumatic heart disease, found arterial involvement 
ten times m the various organs, including the lungs, kidneys, perirenal 
and perisupiaienal adipose tissue, ovaries, testes, pancreas, sigmoid 
flexuie and cecum The alterations described, however, diffeied from 
those m penaiteritis nodosa m seveial important respects In the first 
place, while the lesions were found m a variet}’- of organs, m any one 
of these ten cases generally one and rarely two organs were involved 
While vasculai disease m isolated organs has been described as peii- 
arteritis nodosa, it would be most unusual to find such isolated involve- 
ment m ten successive cases Study of the literature reveals that at 
least the heart and kidneys aie almost invariably involved m every 
case of peiiarteritis nodosa Second, the vessels involved m the cases 
described by Von Glahn and Pappenheimei were generally of much 
smaller cahbei than those m peiiarteritis nodosa Finally, while these 
authors desciibed necrotizing inflammatory and leparative alterations m 
then cases, ceitain findings are desciibed which we have never observed 
m periarteritis nodosa, wheieas certain other findings like thromboses, 
infarctions and aneuiysms, commonly piesent m penaiteritis nodosa, 
were absent m these cases 

It IS of course conceivable that the arterial changes which they 
described are earlier or less marked alterations but qualitatively similar 
to and of the same significance as those m periarteritis nodosa But the 
authors themselves concluded “While it is possible that ceitam cases 
of rheumatic vascular disease may have been interpreted as periarteritis 
nodosa, there are, as has been pointed out, very clear cut differential 
features The final decision as to whether these two somewhat similar 
conditions are related, must be reseived ” 

More recently Khnge and Vaubel presented two pictures of vas- 
cular changes m “rheumatism” (not m our strict sense of the term) 
which they considered difficult to distinguish from periarteritis nodosa 
One showed involvement of a mediastinal artery and one of an artery 
in the aortic adventitia Aside from differences in the actual appear- 
ance of the vessel fiom that of typical periarteritis nodosa (pointed out 
by the authois themselves), these and other vascular changes were 
found only in isolated instances after long search through consider- 
able rheumatic material No clinical symptoms resulted from these 
alterations In a recent repoit, Rossle piesented a case (case 5) 
which he termed one of periarteritis nodosa and which he included m 
his rheumatic senes We cannot accept this case as being definitely 

40 Von Glahn and Pappenheimer Am J Path 2 235, 1926 

41 Khnge and Vaubel Virchows Arch f path Anat 281 701, 1931 

42 Rossle Virchows Arch f path Anat 288 780, 1933 
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one of rheumatic lieait disease or one of periarteiitis nodosa He stated 
on the basis of his obseivations that there is an essential relationship 
between these diseases 

Fioni the foregoing review it can be seen that the evidence for the 
association of iheumatic fever and peiiaiteritis nodosa has hardly more 
than suggestive value Aside from the four cases presented in this 
report, we have been unable to discovei any others in which theie was 
unquestionable iheumatic heart disease associated with periarteritis 
nodosa, accoiding to the criteria we have already stated From the fre- 
quency with which we have obseived this association in our own cases. 
It seems highly piobable that some oi many of the cases of periarteritis 
nodosa pieviously leported might have been regarded as presenting 
iheumatic cardiac lesions had they been studied fiom this point of view 
It IS becoming increasingly evident that periarteiitis nodosa is not a rare 
disease It is being recognized with increasing frequency With larger 
series of cases available for study by individual observers, evidence for 
the association of rheumatic fever in these cases may be discovered 
more readily 

It IS not our puipose in this report to enter into a discussion of the 
etiology or natuie of rheumatic fever and periarteritis nodosa Until 
we know more about them, we cannot say the final word as to their 
relationship to each othei The high incidence of rheumatic heart dis- 
ease in this small series of cases of periarteritis nodosa is significant, 
and also the simultaneity of their clinical manifestations In three of 
the four cases the s}mptoms of the final illness were due both to an 
acute attack of rheumatism and to the lesions of periarteritis nodosa 
In the fourth case theie were no obvious evidences of active rheumatic 
infection Nevertheless, an acute rheumatic lesion was found in the 
heart One must conclude that in these cases we weie not dealing with 
two unrelated diseases, but that the peiiaiteritis nodosa was one of the 
manifestations of the rheumatic infection 

A point of special interest in two of our cases was an attack of 
scarlet fevei within eight weeks pieceding the final illness This may, 
of course, have been a mere accident, considering that both patients 
were young children not far removed from the most common age for 
this disease At the same time, because of the brief interval between 
the attack and the obvious development of rheumatic heart disease as 
well as periarteritis nodosa, it ma)'^ well be conjectured whether scarlet 
fever did not stand in some etiologic lelationship to these diseases 
This occurrence is of special inteiest to those who believe in the strepto- 
coccic etiology of rheumatic fever as well as to those who argue that 
the latter disease is an allergic response in a sensitized person This 
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association could also be employed to reason that not only the rheumatic 
fever but the periarteritis nodosa was intimately associated with the 
preceding infection by the scarlatinal organism 

Another obscure but interesting association is that found in our 
fourth case, m which, in addition to the periarteritis, the clinical and 
pathologic features of malignant nephrosclerosis were added to those 
of rheumatic fever Fahr maintained that malignant sclerosis is the 
result of the activity of one or more of several toxic or infectious 
agents In addition to lead and syphilis he named rheumatic fever as 
one of these etiologic agents In five of his cases of malignant sclerosis 
there was a history of rheumatic fever In two of them the renal dis- 
ease directly followed rheumatic infection In our case the rheumatic 
fever was a recurring affair which gave no obvious symptoms after the 
patient’s sixteenth year except those due to a diminished cardiac reserve 
The postmortem appearance of the heart, however, suggested that there 
was active infection up to the patient’s death A survey of cases of 
periarteritis nodosa thus far reported showed that a not infrequent 
cause of death was uremia The patients of Sacki,^® Manges and 
Baehr and Lamb °° had albuminuric retinitis as well as evidences 
of uremia Some of these patients gave a history of rheumatic arthritis 
or levealed endocarditis at postmortem examination The data avail- 
able do not permit a diagnosis as to the basis of uremia in these cases 
The marked hypertension and albuminuric retinitis suggest the likeli- 
hood that some of these at least were cases of malignant sclerosis In 
our series of fourteen cases of periarteritis nodosa it is probable that 
three patients died of uremia associated with malignant sclerosis Thus 
far in only one of these three cases has definite rheumatic heart disease 
been found 

Certain observations in the cases we have presented we believe are of 
considerable practical importance The abdominal and gastro-intestmal 
symptoms in periarteritis nodosa have frequently been given as funda- 
mental manifestations of the disease Ulcerations of the intestine 
following arterial necrosis and occlusion have often produced a diarrhea 
simulating ulcerative colitis and occasionally have produced the more 
dramatic features of general peritonitis due to acute intestinal per- 
foration (Zimmermann,®'^ Lorenz,^® Verse,^° Beitzke and Meyer 

43 Fahr Arch f Dermat u Syph 130 1, 1921 

44 Manges and Baehr Am J M Sc 162 162, 1921 

45 Lorenz Ztschr f khn Med 18 493, 1891 

46 Verse Munchen med Wchnschr 52 1809, 1905 

47 Beitzke Berl khn Wchnschr 65 1381, 1908 

48 Meyer Berl khn Wchnschr 58 473, 1921 
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In other instances abdominal colic without such acute perforations has 
given use to the pictuie of an intra-abdommal complication, and in 
certain instances lapaiotomies have been performed (Schmidt, Lemke,^® 
Ophuls,® Lamb,®® Manges and Baehr^* and Gruber^"") Such symp- 
toms though less well known aie not uncommon also in iheumatic fever 
In some recent obseivations on this subject, Libman®® divided the main 
clinical types of iheumatic fever into arthritic, pulmonary, so-called 
typhoidal and gasti o-mtestinal (oi abdominal) He said, “abdominal 
symptoms occui frequently, the most important being pain, vomiting, 
diaiihea and distension A clinical pictuie of appendicitis may be 
encountered Diarrhea in one endemic has been found to occur as fre- 
quently as in one thud of the cases I ha^e seen two cases of rheumatic 
fever associated from the onset with ulcerative colitis ” 

As early as 1737 Boerhaave stated that besides the joints in rheu- 
matic fevei the disease invades “sometimes the brain, lungs and bowels ” 
Garrod,®“ Piibram,®® Coombs, Cuischmann and Eckstein®® and others 
have desciihed cases of rheumatic fevei simulating acute appendicitis 
Either the abdominal symptoms subsided spontaneously or, when 
opeiation was performed, the findings were essentially negative In all 
the f oui cases which we have reported, abdominal pain as a significant 
part of the clinical pictuie In the second and third cases the s}Tnp- 
tom was so marked that exploratoiy laparotomies were performed 
Examination of the appendix removed in one of the cases revealed a 
necrotizing arteritis 

While in some cases of iheumatic fever with abdominal s3'mptoms 
pieviousl)^ repoited a veiitable peritonitis was discovered, m most, as 
in oui two patients operated on, there was no adequate MSible lesion to 
account for the symptoms Various leasons have been given to explain 
the occurrence of these cases of “abdominal iheumatism ” Generali}’’ the 
abdominal symptoms have been considered as referred pains from pleurisy 
with or without pneumonia, peiicarditis and other thoracic rheumatic 
manifestations or as due to an inteicuirent complication Libman ®° sug- 

49 Lemke Virchows Arch f path Anat 240 30, 1922 

50 Libman Tr A Am Physicians 43 188, 1928 

51 Boerhaave, quoted bv Paul Medicine 7 388, 1928 

52 Garrod, A E A Treatise on Rheumatism and Rheumatoid Arthritis, 
London, C Griffin & Co , 1890 

53 Pribram, A , m Nothnagel, H Specielle Pathologie und Therapie, 
Vienna, Alfred Holder, 1899, vol 5, pt 2 

54 Coombs, C Rheumatic Heart Disease, New York, William Wood & 
Company, 1924, p 234 

55 Curschman, Hans, and Eckstein, Albert Rheumaprobleme, Leipzig, Georg 
Thieme, 1929, vol 1, p 21 
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gested a vascular ongin of such pains when he stated that general pains 
in rheumatism might be due to arterial or venous inflammation Because 
of the observations m our cases and because of the considerations on 
abdominal iheumatism and periarteritis nodosa just mentioned, we 
cannot escape the conclusion that at least m some cases of rheumatic 
fever the gastro-intestmal or abdominal symptoms have a definite 
organic basis in the pathologic alteiations of periarteritis nodosa This 
leaves open the question of the mechanism of the abdominal pain in 
the latter disease, about which there are various explanations The 
significant point is that these symptoms occur frequently m periarteritis 
nodosa A number of medical conditions, such as pneumonia, coronary 
thrombosis and others, have been reported which have been mistaken 
foi an acute abdominal complication and m which an unnecessary 
operation has added to the danger of the disease We should like to 
add to these diseases rheumatic fever associated with periarteritis 
nodosa The possibility of peiiarteritis nodosa should be considered 
in any case of rheumatic fevei or rheumatic heart disease associated 
with marked abdominal symptoms simulating an acute intra-abdommal 
complication 

SUMMARY 

1 Four cases that came to autopsy are presented, m which wide- 
spiead penal teritis nodosa was associated with rheumatic fever and 
rheumatic heart disease, the latter was confirmed by the presence of 
Aschoff bodies in the myocardium 

2 These foui were discovered in a series of eight cases of peri- 
aiteritis nodosa which came to autopsy m the course of two years 
Prior to this period theie weie five additional cases which came to 
autopsy Two of the five patients had a rheumatic history and evidence 
of iheumatic valvular disease Verrucous endocarditis was disclosed in 
both cases at postmortem examination 

3 Criteiia for the diagnosis of rheumatic infection and of pen- 
al teritis nodosa are discussed On the basis of these ciiteria, none of 
the cases of periai teritis reported in the literature presented adequate 
evidence of iheumatic heait disease Conversely, none of the vascular 
lesions desciibed m rheumatic fever could be truly called periarteritis 
nodosa 

4 Because of the frequency of the association of these diseases in 
our cases and the simultaneous occurrence of the symptoms of each, 
we believe it probable that rheumatic fever is a common cause of the 
vascular lesions termed penarteritis nodosa 

5 In two of the cases an attack of scarlet fever occurred eight 
weeks before the symptoms of the other ailments became manifest 
This point IS briefly discussed 
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6 In another case there was clinical and pathologic evidence of 
malignant sclerosis This is mentioned in connection with Fahr’s belief 
that rheumatic fever is one of the causes of malignant sclerosis 

7 In two of the cases the abdominal symptoms, so common in peri- 
arteritis nodosa, dominated the clinical picture sufficiently to lead to an 
exploratory operation We suggest that when acute abdominal symp- 
toms aie present in a patient suffering from rheumatic fever, compli- 
cating periarteritis nodosa should be considered This complication is 
offered as an organic basis for some of the instances of so-called 
abdominal rheumatism 
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Cytologic and serologic studies of the blood of persons with “glan- 
dular fever” have led to a renewed interest in the condition The 
demonstration of the marked increase of mononuclear cells, which has 
caused the general use of the term infectious mononucleosis, and the 
lecent discovery by Paul and BunnelU of a high concentration of sheep 
cell agglutinins in the blood of patients with the disease indicate that 
It IS quite different from most infectious processes Its importance, 
however, as a subject of investigation is far greater than that of a 
mere hematologic curiosity for the following leasons First, it is a 
lather common and benign condition, an accurate diagnosis of which 
allows prompt reassurance of the patient and a fairly accurate prog- 
nosis as to duration and morbidity Second, the differential diagnosis 
from more serious conditions, especially lymphatic leukemia, is of great 
importance Third, a solution of the problem involved in the causation 
of the mononucleosis, the development of sheep cell agglutinins in the 
blood stream and the relation between these conditions may have broad 
implications m the field of immunology 

In the present communication, after a brief consideration of the 
clinical picture based on a study of 28 sporadic cases of the disease, 
we shall take up the cytologic and serologic aspects Whether or not 
the condition is a disease entity or merely an unusual reaction to an 
ordinary infection of the upper respiratory tract cannot be completely 
settled by a study of the literature, although the reports of various 
authors who have studied epidemics, as summarized by Guthrie,^ incline 
one strongly to the former view It has been noted, however, that the 
epidemics tend especially to affect children, and that these patients 

From the Biological Laboratory and the Division of Health, Brown University 

1 Paul, J R, and Bunnell, W W Am J M Sc 183 90, 1932 

2 Guthrie, C C, in Christian, H A Oxford System of Medicine, New 
York, Oxford University Press, 1927, vol 5, p 498 
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usually show a much less sinking blood picture than is seen in sporadic 
cases in young adults As fai as we are aware, also, there have been 
no investigations as to the presence or absence of sheep cell agglutinins 
m the blood of patients during an epidemic We must conclude, theie- 
fore, that the identity of the disease m the epidemic form and in spoiadic 
cases such as are considered heie is still to be proved 

CLINICAL AND CYTOLOGIC ASPECTS 
By Drs Burgess, Lawson and Wellman 

Clinical Pictiue — Excellent descriptions of the clinical aspects of 
the disease are to be found in the literature ® Our clinical observations 
agree in general with those reported m the literature We have been 
impressed with the vaiiation in the severity of the disease, as has been 
emphasized by Baldridge, Rohmer and Hansmann All giadations 
have been obseived between a condition of maiked prostiation with a 
high fevei (from 103 to 105 F ) and such mild attacks that the patient 
stayed at his duties throughout most of the illness and had almost no 
fever Enlargement of the lymph nodes, which is such a sti iking fea- 
ture in most cases, may be relativel} slight in a person in whom 
mononucleosis is excessive and the fever and prostration marked Ten- 
derness of the lymph nodes is, however, usually very definite Enlarge- 
ment of the spleen, usually appearing seveial days after the onset, has 
been noted in some cases, m 1 of w'hich (case 26) tenderness of the 
spleen became marked and spontaneous pain in the left upper quadiant 
of the abdomen w'as present foi tw'enty-four houis Pain m the back 
of the neck on moving the head, due appaiently to the tendei nodes, 
has been a common and usually an early manifestation Headache has 
been frequent, and sore tin oat has usually been present, but not ahva^s 
prominent A maiked, haiassing cough, facial edema and sw'elhng of 
the eyelids weie noted in 2 instances Jaundice, which was leported in 
1 case by Mackey and Wakefield,^ w^as present in 2 of oui patients 
In 1, a physician of 40 yeais, wdio w^as prostrated by the disease, the 
jaundice was faiily intense In this instance the blood gave a direct 
biphasic reaction to the van den Bergh test, suggesting toxic oi infectious 
hepatitis rathei than obstruction The quantitative reading w^as 8 van 
den Bergh units, and the icteric index w^as 50 Pharyngeal ulceration 

3 (a) Sprunt, T P , and Evans, F A Bull Johns Hopkins Hosp 31 410, 

1920 (b) Downey, H, and McKinlay, C A Acute Lymphadenosis Compared 

with Acute Lymphatic Leukemia, Arch Int Med 32 82 (July) 1923 (c) Bald- 

ridge, C W , Rohmer, T J , and Hansmann, G H Glandular Fever (Infectious 
Mononucleosis), ibid 38 413 (Oct) 1926 (d) Longcope, W T Am T kl 

Sc 164 781, 1922 

4 Mackey, R D , and Wakefield, A M Ann Clin Med 4 727, 1926 
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and exudation weie frequently seen, and the oiganisms 'of Vincent’s 
angina were present in the blood smears in some instances and absent 
m others With 1 exception, a child of 6 years, the patients weie all 
young adults, most of them students or teachers, and the sexes were 
about equally divided In a few patients the mild secondary anemia 
referred to by Fitz-Hugh ^ was noted All recovered completely aftei 
a duration of febrile illness varying fiom under one to over five weeks 

Cytologic Changes in the Blood — In studying the appeal ance and 
character of the mononucleosis our gieatest interest has been m the 
proper classification of the so-called abnormal forms which make up a 
large proportion of the mononuclear cells at the height of the disease 
In examining fixed smears stained by Wright’s method, all gradations 
have been noted between normal lymphocytes, small and laige, and 
the medium and large “abnormal” cells with vacuolated or deep blue 
cytoplasm These cells have been well described by Downey and by 
Baldridge and his associates Their most striking characteristics are 
the vacuolated cytoplasm, often with little irregular projections from 
the surface of the cell, and the nuclei with coarse chromatic masses 
varying in shape from round to irregular or deeply cleft Frequently 
cells with very deep blue cytoplasm are seen The commoner forms 
of abnormal cells are shown in figure 1 A 

In certain of these abnormal forms a somewhat lighter, more uni- 
form cytoplasm and a few azure granules appear , in other words, they 
tend more to resemble the normal adult lymphocyte In 1 case (27) 
the predominating cell m a blood smear taken fairly early m the dis- 
ease was a medium or large lymphocyte in which azure granules were 
numerous, but a day or two later the more deeply staining forms 
without azure granules replaced them In some cases from small to 
medium-sized lymphocytes predominate, which in the deep staining 
of their cytoplasm and the irregular shape of their nuclei resemble the 
large “abnormal” cells It is probable, from morphologic studies of 
the abnormal cells m fixed smears, that these cells are lymphocytes If 
so, they must be, according to Sabin ^ and Wiseman,'^ immature forms, 
and those with the deep blue cytoplasm very young forms In some 
cases the moie adult lymphocytes with azure granules are rare, and 
the predominating cell is one of varying size but with a deeply baso- 
philic cytoplasm 

If, then, one considers the abnormal forms as immature lympho- 
cytes and remembers that the absolute lymphocyte count reaches a high 

5 Fitz-Hugh, T, Jr, in Piersol, G M Encyclopedia of Medicine, Philadel- 
phia, F A Davis Company, 1932, vol 6, p 709 

6 Sabin, F R Bull Johns Hopkins Hosp 34:277, 1923 

7 Wiseman, B K J Exper Med 54 271, 1931 
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figure in many cases, it seems probable that there is such a strong 
stimulus to multiplication of lymphocytes in this disease that young 
forms of an unusual type are seen This impression is heightened 
by the occurrence of binucleated forms In lymphatic leukemia similar 
abnormal lymphocytes and occasionally binucleated forms are seen 
Figure 1 F IS a camel a lucida drawing of two cells, the upper one from 
a case of lymphatic leukemia and the lowei one from a case of infec- 
tious mononucleosis Figure 1 C is a similar drawing of a cell, in 
what appears to be the last stage of cell division, from another patient 
with mononucleosis These observations suggest that in infec- 
tious mononucleosis, as in lymphatic leukemia, amitosis of lymphocytes 
may occur m the ciiculatmg blood This has been described by Hall ® 
in the blood of normal monkeys (Macacus rhesus), but never in human 
beings, so far as we know, except in leukemia 

The idea that the abnormal cells are lymphocytes is further strength- 
ened by the use of the supravital staining technic reported by Wilson 
and Cunningham ° We applied this method m 1 of our cases with 
similar results Most of the cells showed large neutral red vacuoles 
and mitochondria that were large, numerous and irregularly distributed 
Thus the available data make it clear that in tlus disease there is a 
strong stimulus to cell division in the germinal centers of the lymph 
nodes and spleen resulting in a marked absolute increase of lympho- 
cytes, mature, immature and abnormal, in the circulating blood 

SEROLOGIC ASPECTS 
By C A Stuart 

Sheep Cell AggluHmns in Blood Seiums fioni Nominal Poisons — 
The presence of agglutinins for sheep erythrocytes in tlie human blood 
stream until recently has been a subject primarily of academic interest 

8 Hall, B E Folia haemat 38 30, 1929 

9 Wilson, P , and Cunningham, S Folia haemat 38 14, 1929 

10 During the period in which the lymphocytosis is noted there is an absolute 
diminution in the number of granulocytes which show a decided shift to the left, 
the proportion of stab cells to the segmented forms being as high as 7 1 in some 
instances This has been mentioned by various observers (Pepper, O H P, and 
Farley, D L Practical Hematological Diagnosis, Philadelphia, W B Saunders 
Company, 1933, p 429 Fitz-Hugh, T, Jr, in discussion of Mullin, W V, and 
Large, G C Filament-Nonfilament Count, J A M A 97 1138 (Oct 17) 1931 
Piney, A Recent Advances in Hematology, Philadelphia, P Blakiston's Son & 
Co, 1927, p 121) In the case reports of Rosenthal and Wenkebach (Klin 
Wchnschr 12 449, 1933) this fact is also noted, and it is of interest that in the 
cases which they reported as resembling mononucleosis clinically but as giving 
negative results serologically this shift to the left was missing 




Fig 1 — 'I, a compobitc field showing types of limphoeites eommonli found m 
infecteious mononucleosis The cells at the upper left and right center represent 
the most common type of abnormal Ijinphocjtes The cells at the lower left and 
upper right ire laige forms with deep basophilia The cell at the left center is a 
normal adult hmphocjte, for comparison The cell at the lower right wnth basophil 
granules is thought b}" some obsereers to represent degenerating forms B, a 
composite field showung bmiicleated forms The upper cell is from a patient wuth 
acute hmphatic leulvcnna, the lower cell, from a patient with infectious mono- 
nucleosis C a hmphocvte, apparently m the final stage of amitosis 
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The woik of Davidsohn^^ and of Paul and Bunnell/ howevei, who 
found that under ceitain pathologic conditions the concentration of sheep 
cell agglutinins in human beings was significantly increased, necessitates 
a clear understanding of not only the piesence but also the concentration 
of these antibodies in normal human serum Investigators agree that 
these agglutinins are piesent m some normal human serums, but unfor- 
tunately theie IS consideiable disagreement as to the percentage of human 
beings possessing these antibodies and as to the concentration of the 
antibodies in the serum when present As an example of the extreme 
divergence in the findings of the various investigators the woik of 
Deiclier and Kagan may be cited The former reported that most 
of the human serums that he examined did not possess agglutinins speci- 
fic for sheep cells and that in the few cases in which they were present 


Table 1 — Compansou of the Titcjs jot Sheep Cell Aggluttmm tn Noimal 
Sentvjs, fiom the Reports of Vanous Investigators 


Deicber^s 

Dnvidsolin^i 

BunnelP* 
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Dilu Percent’ 

/■’ ■ ■ ■■ ■ 
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Negative 

0 00 

Negative 
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1 5 
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24 
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23 00 
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1 14 

30 
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1 28 
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40 
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6 00 

1 56 
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1 128 

08 
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066 

1 112* 

SO 43 






1 320 

0 33 

1 224 

1169 








1 448 

145 








1 896 

4 34 


* For convenience the dilutions 1 112 and 1 140 have been combined in the dilution 1 112 


the antibodies could be demonstrated only in a dilution of 1 2 On the 
other hand, Kagan maintained that in all seiums he tested these anti- 
bodies could be demonstrated in dilutions ranging from 1 10 to 1 640 
While not confirming Deicher’s results some investigators are inclined 
to think that his conclusions are more nearly correct than those of 
Kagan, others tend to favor the conclusions of Kagan Thus there 
seems to be general disagreement as to the concentration of sheep cell 
agglutinins in normal human seium 

In the course of our investigations in infectious mononucleosis, serum 
from 300 normal persons or from persons with pathologic conditions 
other than infectious mononucleosis has been examined for the con- 
centration of sheep cell agglutinins Generally speaking our titers are 

11 Davidsotin, I J Infect Dis 53*219, 1933 

12 Deicher, H Ztschr f Hyg u Infectionskr 106 561, 1926 

13 Kagan, N W Ztschr f Immunitatsforsch u exper Therap 72 20, 1931 
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lower than Kagan's/^ but higher than those of Bunnell The latter’s 
findings, howevei, are higher than Davidsohn’s, whose titers, in tuin, 
are higher than those of Deicher^^ These diffeiences aie shown in 
table 1, in which the findings of these investigators aie tabulated accord- 
ing to the final dilution (to be discussed latei) of serum in the test 
In the practical application of the increase in sheep cell agglutinins to 
pathologic conditions interest should be centered not so much on the 
percentage of normal serums possessing agglutinins or on the average 
titer of the normal serums (normal only with lespect to serum disease 
and infectious mononucleosis), as on the height to which the titer may 
rise in such serums For this reason the actual number of serums 
examined is of little significance, since if the work is accuratel} done 
the finding of 1 normal serum with a high titci m 100 cases is statis- 
ticall} more significant than finding no scium with a high titer m 1,000 
cases The disci epancies in the lepoits of the iinestigations tabulated 
are so great that obviously one must look foi some variation other than 
that in the individual serums examined to explain the discrepancy 

A careful review of the literatuie convinces one that many if not 
all of the disci epancies can be traced to wide difierences m the technic 
employed m making and lecordmg the lesults of the tests Kagan 
in testing a serum m a 1 10 dilution used 0 25 cc of the dilution in 
question, to which he added 0 1 cc of the cell suspension The final 
dilution of serum was then 1 14 Bunnell,^^ on the other hand, used 
0 5 cc of the 1 10 dilution of the serum, to which he added 0 5 cc of the 
cell suspension with 1 cc of saline solution, making the final dilution 
of the serum 1 40 Yet both reported their results m terms of a 1 10 
dilution This fact alone will account for some of the confusion in 
the reports of investigators It is to be legretted that the fail- 
ure to report results m terms of the final dilution of serum is so common, 
because in reviewing the work of different men it is usually necessary 
to reduce all dilutions to the final dilution of the serum This procedure 
IS often laborious and sometimes impossible, since all the facts are not 
given, m which case comparison is not possible For this reason abstracts 
dealing with dilutions of seium, particularly those involving low titers, 
in which technical details are omitted, are often misleading All this 
confusion would be eliminated if investigators would repoit their work 
in terms of final dilution 


Deicher used 1 cc of a specified dilution of serum, with 1 cc of 
a 5 per cent cell suspension He used, then, a final concentration of cells 
of 2 5 per cent, whereas practically all other investigators used a final 
concentration of approximately 0 5 per cent In order to determine the 
effect of varying cell concentrations m this reaction the following experi- 


14 Bunnell, W W Am J M Sc 186 346, 1933 
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merit was tired From a single normal human serum, in quantities of 

0 5 cc, four sets of serial dilutions ranging from 1 2 5 to 1 1,280 
were prepared m serologic tubes, 100 by 10 mm To the first set of 
tubes was added 0 5 cc of a 5 per cent suspension of sheep cells, giving 
a final cell suspension of 2 5 pei cent and final serum dilutions of from 

1 5 to 1 2,560 To the three remaining sets of tubes was added 0 5 
cc of cells of such concentration that the final cell suspensions were 
0 5 per cent, 0 1 per cent and 0 02 per cent, respectively All the tubes 
were shaken and incubated at 37 5 C for two hours Deicher made 
his final reading at the end of two hours of incubation, while all other 
investigators seem to have recorded their lesults after the tubes had 


Table 2 — Sheep Cell Agghifinaiton m Seiums of Tzventy-Fwe Noimal Human 
Beings with Varying Concent) ations of Sheep Cells 
Aft Cl Two Homs at 37 5 C 





Dilutions 



f 

Negative 15 l 10 

1 20 

1 40 

1 80 1 160 1 320 

1 040 1 1,280’ 

2 60 per cent cells 

24 1 





0 50 per cent cells 

24 

1 




0 10 per cent cells 

17 4 1 

2 


1 


0 02 per cent cells 

0 5 0 

6 

1 

1 



The Same Tests After an Additional Twelve Hours at 5 C 


2 50 per cent cells 

10 11 4 





0 50 per cent cells 

1 9 

12 

2 

1 


0 10 per cent cells 



11 

11 2 1 


0 02 per cent cells 




1 8 11 

4 1 


The Same Tests After an 

Additional Two Hours at 37 5 C 


2 50 per cent cells 

23 2 





0 50 per cent cells 

23 1 


1 



0 10 per cent cells 

13 1 0 

3 

1 

1 


0 02 per cent cells 

1 3 10 

8 

1 

1 1 



remained in the icebox overnight We, therefore, noted the degree of 
agglutination aftei two hours at 37 5 C , placed the tubes in the icebox 
at approximately 5 C and made a second reading twelve hours later 
In table 2 are tabulated the results of the first reading on 25 separate 
experiments The figures opposite the cell concentration give the num- 
ber of seiums that were positive under the dilution specified Thus, 
when a 2 5 per cent cell suspension was used, 24 of the 25 serums were 
negative and 1 was positive in a dilution of 1 5 These results are in 
perfect accord with those of Deicher^” With a cell concentration of 
0 5 per cent, 24 serums showed no agglutination and 1 serum agglu- 
tinated 111 a 1 20 dilution As the concentration of the cell suspension 
decreased, however, agglutination did occur in some of the serums In 
the 0 02 suspension 6 serums were negative and 1 seium (the one that 
agglutinated in the othei concentrations) agglutinated in a dilution 
of 1 320 Quite different results were obtained when the tests were 
read after twelve hours at 5 C One hundred per cent of the serums 
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were positive in the 0 5 pei cent suspension in dilutions ranging from 
1 5 to 1 80, while in the 0 02 per cent suspension 100 per cent of the 
serums were positive in dilutions ranging from 1 80 to 1 1,280 

It is evident from table 2 that the concentration of sheep cells used 
in the test and the temperature at which the tests are incubated exert 
a profound influence on agglutination Experience has shown that indi- 
vidual variation in packing sheep cells to prepare suspensions for the 
test, such as the size of the centrifuge tube used, the proportion of 
cells to saline solution, the total volume in the tube and particularly 
the speed and time used in centrifugation, may give a difference in the 
final reading of titers from 1 to 2 dilutions We have not investigated 
the effects of temperature other than to note that a difference might 
arise from variations of temperature in the icebox It was noted, how- 
ever, that tests in which the results were read after twelve hours at 5 C 
and the tubes then replaced m the icebox for another twelve hours 
invariably gave a somewhat higher titer, fiom one to two dilutions, at 
the end of the twenty-four hours Whether this is due to the continued 
slow adsorption of agglutinins throughout the twenty-four hours or 
to more efficient adsoiption because of thoroughly shaking the tubes at 
the end of twelve hours, we cannot say 

As soon as the difference in the readings on tubes placed m the incu- 
bator and in the icebox was noted the possibility of cold agglutinins 
seemed likely, and the tubes were again incubated at 37 5 C for two 
hours and the titers again noted (Landsteiner,^^ working on the agglu- 
tinins in human serum for homologous cells, found one agglutinin 
flocculating cells only at low temperature This agglutinin, which was 
found to be separate from other agglutinins in human serum and sero- 
logically specific for its homologous antigen, he called a “cold agglu- 
tinin”) The results of the final readings are recorded in table 2 The 
titers obtained from serums placed in the icebox are almost completely 
reversible, since reheating the tubes disperses the agglutinated cells and 
lowers the titers to practically the same level that was found after the 
first two hours of incubation at 37 5 C One serum, however, agglu- 
tinated the 0 5 per cent cell suspension in a 1 20 dilution after two hours 
at 37 5 C and in a 1 40 dilution after twelve hours at 5 C , and dropped 
back only 1 dilution, to 1 20, after being reheated for two hours in the 
incubator In addition to the 25 specimens of serum just mentioned 
96 others were examined for revei sibility, using only the regular 0 5 
per cent cell concentration In this number only 3 irreversible serums 
were found It is interesting to note that reversibility is not dependent 
on the height of the icebox titer since in the serums examined, 2 having 
an icebox titer of 1 160, 7 with a titer of 1 80 and 17 with a titer of 

15 Landsteiner, K , and Levine, P J Immunol 12 441, 1926 
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1 40 were completely leversible, while the 3 serums which were ine- 
versible possessed icebox titers of 1 20, 1 40 and 1 80 Two hours 
at 37 5 C IS by no means essential for complete reversibility since some 
serums having icebox titers of 1 40 or 1 80 were completely reversed 
in from ten to thirty minutes at room tempeiature Individual serums 
after agglutination m the icebox seem to differ in the speed of reversion 

The question naturally arises as to whether in this case one is con- 
cerned with cold agglutinins, pseudo-agglutinins or merely better agglu- 
tination at low temperature That pseudo-agglutmation can be definitely 
ruled out will be seen from the following experiment One cubic centi- 
meter of a 1 2 dilution of each of the aforementioned 96 serums was 
adsorbed with 0 5 cc of packed sheep cells for two hours at 5 C with fre- 
quent shaking The cold tubes were centrifugated for two minutes, after 
which the supernatant fluid was removed as rapidly as possible 
Twenty-five-hundredths cubic centimeter of the supernatant fluid was 
placed m each of 3 tubes To the first tube was added 0 25 cc of a 
1 per cent sheep cell suspension and to the second the same amount of 
a 0 04 per cent cell suspension, while to the third tube was added 0 25 
cc of a 1 per cent suspension of rabbit cells The tubes were kept 
at 5 C for twelve hours Of the 96 serums tested in this way none 
showed any agglutination with the 0 5 per cent concentration of sheep 
cells and only 1 serum reacted positively with the 0 02 per cent concen- 
tration All 96 serums completely agglutinated the rabbit cells Fui- 
thermore, several serums were adsorbed for two hours at 5 C, placed 
in the incubator at 37 5 C for two hours and then centrifugated, after 
which the supernatant fluid was tested for sheep cell agglutinins Agglu- 
tinins were found in all the supernatant fluids, though in varying 
concentrations (Jervell/® working with human iso-agglutimns, reported 
similar findings ) Obviously, then, agglutination of sheep cells by human 
serums at low temperature is a specific antigen-antibody complex, and 
the agglutinins which are adsorbed at low temperature are in part at 
least released at high temperatures Whether or not we are dealing 
with a specific cold agglutinin of the type described by Landsteiner 
IS a problem beyond the scope of this paper 

It has been shown that the agglutinating titer of normal human 
serums for sheep erythrocytes may be greatly influenced by the con- 
centration of cells, the temperature at which the tests are incubated 
and the length of incubation Furthermore, it is the practice of some 
technicians, on removing serum from the icebox after overnight incu- 
bation, to let the tubes stand at room temperature or even in the incuba- 
tor for vaiying lengths of time before the tests are read, until the 

16 Jervell, M J Immunol G 445, 1921 

17 Rosenthal, N , and Wenkebach, G Klin Wchnschr 12 499, 1933 
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moisture which collects on the tubes has been dispelled Such a pro- 
cedure greatly alters the leading, depending of course on the time 
elapsing between removal fiom the icebox and reading of the tests 
It should also be borne in mind that reading hemagglutination tests 
employing a 0 5 per cent concentration of cells is not as simple as reading 
bacteriologic agglutination tests In the lattei case a single flirt of 
the tube is often sufficient to lead the test, but in the foimer, in which 
pseudo-agglutination is often pronounced in tubes containing an appre- 
ciable amount of seium, the tubes must be flirted several times in order 
to get a true reading All these things serve to emphasize the fact 
that the test must be caiefully standaidized before it can be successfully 
used in routine work 

Sheep Cell Aggluhmus in Sc}um<! fiom Pci<;ons zmth Infectious 
Mononucleosis — The serums fiom 14 peisons in whom the clinical and 
cytologic pictuies weie in every way consistent with the diagnosis of 


Table 3 — Titci of Sheep Cell Aggluhmus in the Serums of Pahcnls with 

Infectious Mononucleosis 


Case 

Titer 

Case 

Titer 

Case 

Titer 

15 

1 1,280 

20 

1 2,500 

23 

1 5,120 

16 

1 040 

21 

1 0)0 

20 

1 2,500 

17 

1 1,280 

22 

1 1,280 

27 

1 1,280 

18 

1 320 

23 

1 CIO 

2S 

1 5,120 

19 

1 040 

24 

1 040 




infectious mononucleosis w'cre examined The titers of these scrums, 
which ranged from a dilution of 1 320 to one of 1 5,120, will be found 
in table 3 The findings unquestionably support the contention of Paul 
and Bunnell ^ that the test is a valuable aid m the diagnosis of infec- 
tious mononucleosis Yet no lepoit on this subject has sufficiently 
emphasized the fact that the agglutination test unsuppoited by the 
clinical and cytologic evidence may result in a false diagnosis Rosen- 
thal and Wenkebach aie inclined to believe that a titer as low as 
1 64 (final dilution) is indicative of infectious mononucleosis, irre- 
spective of the cytologic picture Bunnell, however, found that 4 8 
per cent of 1,600 Wassermann serums had a titer of at least 1 64 Of 
300 normal and Wassermann serums examined by us, 6 99 per cent had 
titers of at least 1 64 To call such a high percentage even of Wasser- 
mann serums positive foi infectious mononucleosis is obviously impos- 
sible Bunnell found a differential of only a single dilution betw’^een his 
normal specimen with the highest titer (1 126) and his positive serums 
with the lowest titer (1 256) Excluding the 1 serum having a titer 
of 1 320 (to be discussed later), there is a similar differential of a 
single dilution from 1 160 to 1 320 Any serologic test with such a 
low differential betw^een the negative and positive serums can hardly 
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be expected to inspiie the clinician or the technician with confidence 
Serologic interest, then, should center on those cases in which the clin- 
ical, cytologic and serologic picture is doubtful, rather than on the high 
titer in acute conditions which can be diagnosed without the aid of the 
agglutination test 

The agglutinations at icebox temperature which occurred in all the 
normal serums were reversible m approximately 97 per cent of the 
cases It seemed that this fact could be utilized in the test, since in no 
case in which the clinical and cytologic pictures were definitely those 
of mononucleosis was i eversibihty m the agglutination found even when 
the tubes were reincubated at 37 5 C foi several hours Among the 
serums tested for mononucleosis before i eversibihty was noted were 
3 m which the clinical, cytologic and serologic findings were doubtful 
The 3 serums. A, B and C, at 5 C gave sheep cell titers of 1 160, 1 160 
and 1 320, lespectively Reexamined foi reversibility five months after 
the original examination, A still showed a titer of 1 160 at low tem- 
perature, but was completely reversible at 37 5 C , B, one month sub- 
sequent to the first test showed a titei of 1 160 at 5 C , but was likewise 
reversible at 37 5 C Serum C, examined seveial times over a period 
of eight months, constantly agglutinated sheep cells m a dilution of 

1 320 at 5 C , but only to 1 80 at 37 5 C The complete reversibility 
of agglutination m the fiist 2 serums and the low titer of C at 37 5 C , 
together with the length of time over which the agglutinins persisted 
in the blood of the latter, led us to conclude that these three doubtful 
cases were negative with respect to infectious mononucleosis 

It is highly probable that the test for sheep cell agglutinins in the 
serum of patients with a condition suggestive of mononucleosis will 
soon become a routine procedure In view of the findings we propose 
certain changes m the technic advocated by Paul and Bunnell ^ These 
investigate 1 s used 0 5 cc of the serum dilution, 0 5 cc of a 2 per cent 
sheep cell suspension and 1 cc of saline solution The total volume of 

2 cc results m such a column of liquid in the usual 100 by 10 mm tubes 
that a satisfactory leading can be made by only placing the finger over 
the end of the tube and tilting it 3 or 4 times In routine work there 
IS a certain element of danger in this method since in the same rack 
a technician may have agglutination tests for pathogenic organisms, and 
it IS not improbable that on occasions the wrong tube may be inverted 
with the finger over the end The extra 1 cc of saline solution plays 
no role in the test and should be omitted The same concentration 
of cells can be obtained by adding 0 5 cc of a 1 per cent suspension 
In order to insure uniform sheep cell suspensions for the test, all sus- 
pensions should be piepared from 2 cc of concentrated washed cells 
which have been centiifugated in 8 cc of saline solution for five min- 
utes at a speed of appi oximately 2,200 revolutions a minute A final 
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reading should be made after four hours of incubation at 37 5 C , since 
incubation for two hours at this temperature is not sufficient to give 
complete agglutination in any dilution, regaidless of the final titer If 
this IS not convenient the tests, as soon as completed, may be put in 
the icebox overnight to be read the next morning after incubation for 
two hours at 37 5 C , with occasional shaking In this way the often 
confusing cold agglutination is dispersed, making the diagnosis far more 
certain We aie of the opinion that a serum which agglutinates sheep 
cells by this proceduie in a dilution of 1 80 raa}’- be classed as sugges- 
tive But it should be remembered that the agglutinins do not appear 
in the blood stream in any significant concenti ation until several days 
after the first appearance of symptoms, therefore a suggestive serum 
should not be made the basis of a negative diagnosis until further tests 
have been made With substantiating clinical and cjtologic pictures 
serums agglutinating in dilutions of 1 320 or more ma} well be con- 
sidered positive 

Nature of the Sheep Cell Agglutinins in Mononucleosis — David- 
sohn expressed the opinion that the increase in the agglutinin content 
in the blood in serum sickness is specific for sheep ery tin oc 3 des, and 
on the basis of adsorption tests concluded that the antibod}" is hetero- 
phile Kagan,^® on the other hand, concluded that the increase in 
agglutinins was nonspecific since the titers for rabbit cells were increased 
to practically the same extent Our sei urns \\ Inch were positive for mono- 
nucleosis were tested for rabbit as well as sheep cell agglutinins The 
results are in accord with Davidsohn’s in that, while there is a slight rise 
in all cases in the rabbit cell agglutinins, the increase is insignificant in 
comparison with the increase in the sheep cell titer Two cases that 
were carefully studied in tins respect, with titers examined weekly for 
several weeks after the onset of symptoms, mil serve to illustrate the 
point In the first case the sheep cell titer rose from no agglutination 
in a dilution of 1 5 at 37 5 C to 1 5,120, wheieas the rabbit cell titer 
increased from 1 80 to 1 160 In the second case the sheep cell titer 
rose from negative to 1 2,560, while the rabbit agglutinins increased 
from 1 160 to 1 1,280 

Investigators consistently i ef ei red to the sheep agglutinins in 
mononucleosis as heterophile antibodies, without attempting to justify 
their statement other than by adsoiption with law sheep cells Three 
of our positive serums with the highest titer (cases 26, 27 and 28) 
were successively adsorbed 3 times in a dilution of 1 25 with raw and 
boiled sheep erythrocytes and emulsions of guinea-pig kidney, guinea-pig 
testicle and rabbit kidney As a control ovei nonspecific adsorption, 
a specially activated charcoal was also used The results of the adsorp- 

18 Paul and Bunnell i Bunnell Rosenthal and Wenkelach 
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tion tests will be found m table 4 Sheep cell agglutinins in such serums 
are readily adsorbed with both law and boiled sheep cells and, as might 
be anticipated, they are not removed to any appreciable extent by labbit 
erythrocytes or emulsions of rabbit kidney It is sui prising, however, that 
emulsions of gumea-pig kidney and testicle which carry the heteiophile 
antigen were not more effective in removing the agglutinins On three 
other occasions such serums were repeatedly adsorbed with various 
emulsions of gumea-pig tissues, including a suspension of connective 
tissue, but the results were practically the same Attention is called 
to the unusual degree of nonspecific adsoiption obtained with the 
charcoal 


Table 4 — Adsotptwn of the Sheep Cell Agglutmms tn Mononucleosis Seium with 

Vanous Substances 



Serum 

First 

Second 

Third 

Materials Used for Adsorption 

Adsorbed 

Adsorption 

Adsorption 

Adsorption 

Eaw sheep cells 

25 

26 

28 

E 

— 

E 

Boiled sheep cells 

25 


— 

— 


26 

— 




28 


— 

— 

Raw rabbit cells 

25 

+++ 

+++ 

+++ 


26 

+++ 

+++ 

++ 


28 

+++ 

+++ 

+++ 

Guinea pig kidney 

25 


++ 

— 

26 

+++ 




28 

+++ 

+++ 

+ 

Guinea pig testicle 

25 

+++ 

++ 


26 

++ 

+ 

— 


28 

+++ 

+++ 

++ 

Rabbit kidney 

25 

+++ 

4" 4* 4" 

++ 

26 

+++ 

++ 

4^ 


28 

+4' + 

+++ 

+++ 

Norite charcoal 

25 

++ 

— 

— 


26 

+ 

— 

— . 


28 

+++ 

+ 



Before the heterophile natuie of the sheep cell agglutinins m the 
blood stream of patients with infectious mononucleosis can be unre- 
servedly accepted one curious fact must be explained Schiff and Adels- 
berger^® and numeious others have shown that in man heterophile 
antigen is present in the cells of gioups A and AB Kntschevsl<y,^“ 
however, expressed the opinion that heterophile antigen is present to 
some extent in the cells of all four gioups In nine of our positive cases 
the blood was typed , 2 were in group O, 2 in gioup B and 5 m group A 
One patient in group A had a sheep cell titer of 1 5,120 for both 
agglutinins and hemolysins How, then, is the presence of these two 

19 Schiff, F, and Adelsberger, L Ztschr f Immunitatsforsch u exper 
Therap 40.334, 1924 

20 Kntschevsky, I L, and Messik, R E Ztschr f Immunitatsforsch u 
exper Therap 56 130, 1928 
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incompatible substances, heteiophile antigen m the erytliiocytes and 
antibody in the serum coexisting in the same blood stream without any 
apparent reaction, to be explained? There appear to be no symptoms 
in infectious mononucleosis consistent with those that might be antici- 
pated from such an interaction 

Serum containing heterophile antibodies is toxic for the gumea-pig 
whose tissues contain heterophile antigen Therefore, 0 5 cc of the 
serum of 2 patients with mononucleosis having titers of 1 640 and 
1 1,280, respectively, for sheep cell agglutinins was injected intrave- 
nously into guinea-pigs weighing 300 Gm The same amount of serum 
from normal persons and seium from a rabbit immunized against guinea- 
pig kidney, which possesses heteiophile antigen, was injected into similar 
animals as controls Mild anaphylactic sjmptoms were noted in the 
animals into which the seiuras from patients ivith mononucleosis and 
from normal human beings were injected The injection of rabbit anti- 
kidney serum, however, resulted in tj’pical anaphylactic death in from 
five to ten minutes It is possible that an insufficient amount of mono- 
nucleosis serum was injected into the gumca-pigs (more serum could 
not be obtained), yet the rabbit antikidncy serum uhich was fatal pos- 
sessed an agglutinating titer for sheep cells of only 1 160 On the 
other hand, 1 patient (case 26), with a prerious history of sensitivity 
to horse serum, reacted markedly to a test dose of horse serum, which 
caines the heterophile antigen If the antibodies m mononucleosis are 
heterophile, and it must be assumed that they are until more eiidence 
to the contrary is produced, the clinician must bear this in mind should 
the use of therapeutic horse serum for any reason seem advisable during 
the course of the disease 


REPORT or C \SE 

Case 26 — S A , a woman, aged 26, was a graduate student Tlie onset of the 
condition was on Oct 30, 1933, after a cough for three or four days The chief 
complaints were fever, swollen eyelids and a se\ere hacking cough There was 
little or no headache The patient was first seen on October 31 The temperature 
was 100 F and the pulse rate 98 The eyelids vere swollen, and an enlarged 
and tender lymph node was evident below the angle of the jaw on the right side, 
with one or two slightly enlarged and tender lymph nodes in the posterior cervical 
area on the right side There was a small patch of exudate on the right tonsil 
November 1 The distressing cough and the swelling of the eyelids continued 
November 2 Slightly enlarged and definitely tender lymph nodes were evident 
in the posterior cervical region on the left side The axillary nodes were enlarged, 
but not tender The spleen was not palpable There was no enlargement of the 
inguinal nodes 

November 3 The spleen was palpable Prostration was fairly marked 
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November 4 The spleen had increased in size and was tender The inguinal 
nodes were definitely enlarged but not tender 

November 8 The spleen was still larger and more tender There was spon- 
taneous pain in the region of the spleen during the night 

November 13 The spleen was barely palpable and slightly tender The cer- 
vical nodes were smaller and not tender, the inguinal glands were still enlarged 
but not tender A test dose of horse serum was injected intradermally into the 
left forearm There was a marked local reaction including a wheal 2 cm m 
diameter and an area of redness 13 cm in diameter (still discernible at the end 
of a week) There was a blotchy redness from the shoulder to the wrist 
November 21 The patient was apparently well 

8 8 4 5 6 7 8 fl 10 11 12 IS 14 IS 16 17 18 19 20 21 22 28 Cays 





1(20 

Fig 2 (case 26) — Record of patient with marked sensitivity to horse serum 
upper section, temperature , middle section, leukocyte count in thousands, and lower 
section, titer for sheep cell agglutinins 

Comment — Case 26 lepresents a moderately seveie attack of infec- 
tious mononucleosis in which fever, prostration and splenic enlargement 
were marked, the blood picture characteristic and the sheep cell agglu- 
tinin titer high It is notable that on the third day of definite illness, 
although the blood picture definitely suggested mononucleosis, the clin- 
ical pictuie was not suggestive and the test for sheep cell agglutinins 
was negative 

For comparison with this patient another may be cited 

This patient, a man aged 22 years, a student, at no time felt ill except for sore 
throat, and the maximum temperature was 99 5 F Nevertheless the blood picture 
was characteristic and extreme, and the sheep cell agglutinins reached a maximum 
titer of 1 5,120 
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SUMMARY 

1 A brief presentation of the clinical and cytologic aspects of infec- 
tious mononucleosis, based on a study of 28 sporadic cases of the disease, 
and a moie extended report of seiologic investigations of the disease 
are submitted 

2 The morphologic chai actei istics of the predominant blood cell 
at the height of the disease suggest that it is an immature lymphocyte 

3 Supravital staining methods employed m one case support this 
view 

4 Evidence of amitosis of lymphocytes in the circulating blood 
stream similar to that noted in lymphatic leukemia is presented 

5 It IS demonstrated that the agglutination of sheep cells by normal 
human serum is greatly influenced by the concentration of cells used 
and the temperature at which the serum is incubated 

6 The agglutination of sheep cells b}^ normal human serum at low 
temperatuies is reversible at 37 5 C in most cases 

7 Seium from patients with infectious mononucleosis agglutinates 
sheep cells equally well at 5 C and at 37 5 C 

8 Ceitain changes in the technic of the serologic test for infectious 
mononucleosis are proposed 

9 It IS pointed out that the serologic test without confirmatory 
clinical and cytologic findings may result in false diagnoses 

10 Certain facts must be explained before the heterophile nature 
of the antibody in mononucleosis can be unreserrcdly accepted 

Alex M Burgess Jr prepared the plates and applied the supravital staining 
technic m case 26 Miss Evelyn Goodale assisted in the serologic work and 
E G E Anderson of the Charles V Chapin Hospital furnished materials during the 
course of the work 



CONCENTRATION OF SERUM PROTEIN IN DIF- 
FERENT TYPES OF EDEMA 

ILLUSTRATIVE CASES 

HAROLD M HAND, MD 

SAN FRANCISCO 

In 1895 Starling^ first advanced his theory of the production of 
edema and the exchange of fluids between the blood and the tissue 
spaces He showed that the colloid osmotic pressuie of the seium 
was propoitional to the concentration of protein in the serum He 
advanced the theory that a deciease m the colloid osmotic pressure 
was responsible for the loss of fluid into the tissues and the pioduction 
of edema He contended that the crystalloids, though having a high 
osmotic pressure, have little influence on the exchange of water, because 
they pass through the walls of the vessels with the water, while the 
proteins, although having a much lower osmotic pressure, exert the 
principal influence because they do not pass thiough the walls of 
the vessels Starling was unable to reduce the edema in the edema- 
tous leg of a dog by perfusion with Ringer's solution, but when perfu- 
sion with serum was done, the edema was reabsorbed 

Shade and Clausen ^ and Govaerts ® measured the colloid osmotic 
pressure and found it roughly propoitional to the concentiation of 
protein in the serum They also found that the colloid osmotic pressure, 
or what they called the oncotic pressure, could be closely coi related 
with the development of edema Govaerts also determined the amount 
of colloid osmotic pressure exeited by albumin and by globulin He 
estimated that 1 Gm of albumin per hundred cubic centimeters exerted 
a colloid osmotic pressure of 7 54 cm of watei, and 1 Gm of globulin 
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2 Shade, H, and Clausen, F Der onkotische Druck des Blutplasmas und 
die Entstehung der renalbedingten Odeme, Ztschr f klin Med 100 363, 1924 

3 Govaerts, P Influence de la teneur du serum en albumines et en globuhnes 
sur la pression osmotique des proteines et sur la formation des oedemes. Bull 
Acad roy de med de Belgique 7 356, 1927 
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per hundred cubic centimeters, a pressuie of 1 95 cm of water In other 
words, albumin exerts roughly four times as much osmotic pressure as 
globulin This is consistent with its lesser molecular weight, and is 
of importance because it helps to explain the tendency of edema to 
parallel more closely the albumin than the globulin level 

The explanation of the interchange of fluids between the blood 
stream and the tissue and lymph spaces, according to the theory of 
Starling, Govaeits and Shade and Clausen, is dependent on the mter- 
balance between two piincipal factors the hydrostatic pressure (blood 
pressure) at the arterial end of the capillary, which tends to drive fluids 
thiough the capillaiy wall into the tissues, and the osmotic (or oncotic) 
pressure exerted by the nondiffusible proteins, which tends to draw 
water from the tissues into the blood stream 1 Normally the hydro- 
static pressure at the arterial end of the capillary drives fluid into the 
tissues, but as this pressure becomes dissipated the colloid osmotic 
pressure exerted by the proteins (if in normal concentration) is able 
to resist the hydrostatic pressure and, toward the venous side of the 
capillary, to draw fluids back into the blood stream 2 If the concen- 
tration of serum protein is low the efifective colloid osmotic pressure 
IS reduced and consequently is unable to counterbalance the hydro- 
static pressure 3 If the venous pressure is increased, as in cardiac 
failure or venous obstruction, the hydrostatic pressure will be much 
higher than normal towaid the venous side of the capillary, the normal 
osmotic pressure will be unable to return fluid into the capillar}^ and 
edema will result 4 In case of injury or inflammation of the capillkry 
wall it IS thought that increased permeability lesults and that proteins 
to which the capillary wall is normally impermeable pass into the tissue 
spaces This decreases the osmotic pressure in the capillary owing to 
the loss of proteins, and also decreases the effective osmotic pressure 
because the amount of pi otein in the tissue spaces is exerting an oppos- 
ing osmotic pressure which must be overcome in addition to the hydro- 
static pressure 

According to this concept anything which decreases hydrostatic 
pressure or increases osmotic pressure in the capillaries will cause 
absorption of fluid , while anything which increases hydi ostatic pressure 
or lowers osmotic piessure, as well as anything which inci eases capillary 
permeability, will favoi loss of fluid into the tissue spaces and edema 

Landis^ measuied the rate and direction of the exchange of fluid 
between the capillaries of the mesenteiy of a frog and the tissue 
spaces and also the capillaiy pressure He found that following three 

4 Landis, E M Micro Injection Studies of Capillary Permeability III 
The Effect of Lack of Oxygen on the Permeability of the Capillary Wall to 
Fluid and to the Plasma Proteins, Am J Physiol 83 528, 1928 
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minutes of lack of oxygen the permeability of the capillary wall was 
greatly increased This allowed fluid to filter through at approximately 
four times the normal late and also permitted the passage of proteins 
through the wall, thus i educing the effective osmotic pressure of the 
plasma proteins to about half the normal value However, this move- 
ment of fluid through the asphyxiated capillary wall was proportional 
to the difference between the capillary pressure and the effective osmotic 
pressure. 

The theory of Starling was given its first practical application by 
Epstein ® in explaining the production of edema m nephrosis, in which 
he found the levels of the serum proteins low Kohman ® produced 
edema in rats by diets very low m proteins and, in some, by a synthetic 
diet complete in every respect except for proteins This work was 
confirmed by Frisch, Mendel and Peters,^ who also demonstrated that 
the serum protein values weie lowered about 40 per cent from those 
at the start of the experiment 

Leiter,® Harrow, Hooper and Cary ® and Lepore produced edema 
by repeated plasmapheiesis in dogs, that is, by bleeding the dogs, centri- 
fugating the blood, suspending the erythrocytes m saline or m Locke’s 
solution and reinjecting this into the dogs intravenously Edema occuned 
when the serum protein levels were loweied by this method to from 3 
to 4 Gm per hundied cubic centimeters Harrow, Hooper and Cary® 
concluded that dogs rendered edematous by plasmapheresis show a 
type of edema closely analogous to that of nephrosis, hydiopigenous 
nephritis, nutritional edema and cachectic states, and that the low plasma 
protein level is not a cause of permanent renal damage Leiter,®*^ in 
his later experiments, showed that the edema fluid contained almost 
no protein This observation indicates that the capillary wall has not 
become permeable to piotein in this type of edema 

5 Epstein, A A Conceining the Causation of Edema in Chronic Parenchy- 
matous Nephritis, Method for Its Alleviation, Am J M Sc 154 638, 1917, 
Further Observations on the Nature and Treatment of Chronic Nephrosis, ibid 
163 167, 1922 

6 Kohman, E A The Experimental Production of Edema as Related to 
Protein Deficiency, Am J Physiol 51*378, 1920 

7 Frisch, R A , Mendel, L B , and Peters, J P The Production of Edema 
and Serum Protein Deficiency m White Rats by Low Protein Diets, J Biol Chem 
84 167, 1929 

8 Letter, L (a) Experimental Edema, Proc Soc Exper Biol & Med 
26 173, 1928, (5) Experimental Nephrotic Edema, Arch Int Med 48 ;1 ('July') 
1931 

9 Darrow, D C , Hooper, E B , and Cary, M K Plasmapheresis Edema 
I The Relation of Reduction of Serum Proteins to Edema and the Pathological 
Anatomy Accompanying Plasmapheresis, J Clin Investigation 11 683, 1932 

10 Lepore, M J Experimental Edema Produced by Plasma Protein Deple- 
tion, Arch Int Med 50.488 (Sept) 1932 
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ORIGIN AND REGENERATION OF PLASMA PROTEIN 

The oiigin of the plasma pioteins is not definitely known Some 
believe that they are formed in the liver, as has been^shown definitely 
to be the case with fibrinogen by Whipple and his co-workers Others 
believe that they aie produced by the blood-forming organs or by the 
intestinal mucosa It is known that noimal endothelium, with the excep- 
tion of that of the capillaries of the liver, the intestinal mucosa and 
possibly the lungs, is impermeable to the plasma proteins and that 
the capillaries of the bone mairow, spleen and blood-forming organs 
are as a whole permeable to the formed elements of the blood, and may be 
assumed to be peimeable to the plasma protein Although there is no 
direct evidence concerning the origin of these pioteins the many condi- 
tions effecting their depletion and regeneration suggest that the pro- 
duction of albumin and that of globulin, if not independent processes, 
aie at least conti oiled by different influences 

NORMAL RANGE OF PLASMA PROTEIN VALUES 

Moore and Van Slyke,^^ investigating the normal range of plasma 
protein values, gave the results of their determinations on 9 normal 
subjects They also gave those of Linder, Lundsgaard and Van Slyke 
on 8 normal peisons and of Salvesen on 32 normal men and women In 
averaging these they found that the thiee sets of data appear to fix vith 
satisfactory agi cement the noimal plasma protein values in grams per 
hundred cubic centimeters at total protein, from 6 2 to S, albumin, 
from 3 6 to 5 , globulin, from 2 to 3 5 , albumin-globulin quotient, from 
1 2 to 2 2 

LOW SERUM PROTEIN VALUES IN VARIOUS CLINICAL CONDITIONS 

In many clinical conditions one finds a lowered level of serum 
protein Associated with this lowered level, if it is sufficiently marked, 
one finds edema If one attempts to explain these obscure edemas 
on the Stalling theory and hypoproteinemia one should consider such 
edemas in the light of the probable cause of the deficiency of serum 
protein Low levels of serum protein may result from (1) insufficient 
protein intake owing to an inadequate diet , (2) excessive loss of pro- 
tein through proteinuria, diarrhea or hemorrhage, (3) excessive 

11 Krogh, A The Anatomy and Physiology of Capillaries, New Haven, 
Conn , Yale University Press, 1924, p 230 

12 Peters, J P , and Van Slyke, D D Quantitative Clinical Chemistry, 
Baltimore, Williams & Wilkins Company, 1932, vol 1, pp 655 and 688 

13 Moore, N S , and Van Slyke, D D The Relationships Between Plasma 
Protein Content, Plasma Specific Gravity, and Edema in Nephritis, J Clin Investi- 
gation 8 337, 1930 
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metabolic wastage oi destruction of pioteiii in chionic infections oi 
cachectic states; (4) inadequate assimilation of protein or decreased 
foimation of piotein 

hisufficicjit Piotein Intake — Edema has long been observed to occui 
during wai and famine It was common in central Europe duiing the 
Woild Wai Paik obseived over 400 cases in a German prison camp 
The latioiis weie low m protein and almost fat-free The lations 



B EDEMA □ NO edema 

Chart 1 — Serum protein levels in different clinical conditions with which 
edema is often associated The cases m which edema occurred are represented by 
black squares, those in which no edema occurred, by white squares The protein 
level in each group of cases is read from left to right The level indicated between 
the broken lines is the normal level Note that practically all the cases in which 
edema occurred except those of the cardiac group showed deficits of serum albumin 
and total protein 

were taken mostly m the form of soup, thus requiring ingestion of a 
large amount of fluid to obtain a small amount of nourishment Park 

14 Park, F S War Edema (Knegsoedem), J A M A 70 1826 (Tune ISI 
1918 
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considered the edema to be due to the deficient diet and to ingestion 
of a laige amount of fluid and salt, but did not relate it specifically to 
the piotem intake oi to the serum piotein level By lefractometric 
leading of ^^ar edema Schittenhelm and Schlecht estimated that the 
protein levels Avere i educed to fiom 4 to 6 Gm per hundred cubic 
centimeteis They also found that increased protein and fat in the 
diet -was the piincipal factoi in leheving the edema Jansen made 
similar observations on the serum protein level in wai edema, and also 
found that the patients ^\ere often in a condition of negative nitrogen 
balance In fact, it has been estimated by Lusk that the average diet 
m Geimany during the latter pait of the war contained onh 31 1 Gm of 
pi otein per day 

Weech and Lmg,’^® who studied a senes of cases of nutritional edema 
during both the actne and the convalescent stages, in China, found 
that the critical protein level of edema was close to 5 Gm per hundred 
cubic centimeters They also found that the edema followed the albumin 
level more closely than the total piotcin oi the globulin level When 
the albumin level was gi eater than 2 9 Gm edema "w as ne\ er obsen^ed, 
but when the level fell below 2 5 Gm edema was ia\ ariabl}^ present 
The edema was made worse by the administration of sodium chloride or 
sodium bicarbonate when the serum proteins were low, but these eftects 
could not be produced aftei the administration of an adequate diet had 
resulted in a return of the seium proteins to normal le\els Liu, Chu, 
Wang and Chung, in a study of nutritional edema in China, found the 
edema and the serum protein level related to the protein intake They 
also found that 1 Gm of animal piotem is equivalent to 2 Gm of 
vegetable protein in increasing the plasma proteins More recently, 
Youmans“° and Youmans, Bell, Donley and Frank made a study of 
what they believed to be endemic nutritional edema in Tennessee The 
diets of their patients were found to be low both in protein and in total 

15 Schittenhelm, A, and Schlecht, H Ucbcr Ocdemkrankheit mit h>po- 
tonischer Bradykardie, Bed khn Wchnschr 55 1138, 1918 

16 Jansen, W H Die Ocdemkrankheit, Deutsches Arch f khn kled 131 
144, 1919 

17 Lusk, G Phjsiol Rev 1 523, 1921 

18 Weech, A A , and Ling, S M Nutritional Edema Observations on the 
Relation of the Serum Proteins to the Occurrence and to the Effect of Certain 
Inorganic Salts, J Clin Investigation 10 869, 1931 

19 Liu, S H , Chu, H I , Wang, S H , and Chung, H L Nutritional 
Edema I Effect of Level and Quality of Protein Intake on Nitrogen Balance, 
Plasma Proteins and Edema, Proc Soc Exper Biol & Med 20 250, 1931 

20 Youmans, J B Endemic Edema, J A M A 90 883 (Sept 10) 1932 

21 Youmans, J B , Bell, A , Donley, D , and Frank, H Endemic Nutri- 
tional Edema I Clinical Findings and Dietary Studies, Arch Int Med 50 843 
(Dec ) 1932 II Serum Proteins and Nitrogen Balance, ibid 51 45, 1933 
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calories The total serum protein was usually within the normal range, 
but the albumin and the computed colloid osmotic pressure were below 
normal An increased intake of protein caused a rise in serum albumin 
and a disappearance of the edema 

Cardiac edema is ordinarily accompanied by an increase m venous 
pressure Theoretically this increase raises the hydrostatic pressure 
at the venous end of the capillary bed and edema cannot be prevented 
even though the serum protein values and the colloid osmotic pressure 
are normal If the serum protein values are also reduced, as they 
occasionally are, one expects to find the cardiac edema increased by 
this additional nutritional factor Krogh, Landis and Turner showed 
that fluid accumulates in the tissue spaces when the average venous 
pressure is above 17 cm of water, and Landis, Jonas, Angevine and 
Erb showed that the permeability of the capillaiy wall with respect 
to protein vanes with the grade of venous congestion, and that the 
loss of fluid from the blood is conspicuously greater at higher venous 
pressures 

Lack of oxygen, by causing increased permeability of the capillanes, 
may also be a considerable factor m the production of cardiac edema 
Landis ^ showed that lack of oxygen increases the permeability of the 
capillaries and also causes the capillaries to become permeable to protein, 
thus reducing the effective osmotic pressure of the plasma proteins 
Payne and Peters called attention to the fact that the serous effusions 
from patients with cardiac failure contain distinctly higher concentra- 
tions of protein than do the almost protein-free effusions of nephrosis, 
and hence the “effective oncotic pressure” of the serum is decreased It 
is evident, as they suggested that cardiac edema may occur at any 
protein level if the back pressure or increased venous pressure causes 
sufficient rise m the capillary pressure However, this can proceed 
only to the point at which the mean capillary pressure equals the 
oncotic pressure If the oncotic pressure is reduced by reason of a 
deficiency of serum protein, the same degree of congestion will produce 
a greater degree of edema In 62 determinations on patients with 
varying degrees of cardiac failure Ellis found that although edema 

22 Krogh, A , Landis, E M , and Turner, A H The Movement of Fluid 
Through the Human Capillary Wall in Relation to the Venous Pressure and to 
the Colloid Osmotic Pressure of the Blood, J Clin Investigation 11*63, 1932 

23 Landis, E M , Jonas, L , Angevine, M, and Erb, W The Passage of 
Fluid and Protein Through the Human Capillary Wall During Venous Congestion, 
J Clin Investigation 11 717, 1932 

24 Payne, S A , and Peters, J P Plasma Proteins in Relation to Blood 
Hydration VIII Serum Proteins in Heart Disease, J Clin Investigation 11 . 
103, 1932 

25 Elhs, L B Plasma Protein Deficiency in Patients with Cardiac Edema 
M Clin North America 16 . 943, 1933 
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frequently existed when the plasma pioteins ueie above 5 Gm pei 
hundred cubic centimeteis owing to the mechanically increased venous 
pressure, edema was always present when the proteins were below 5 
Gm Ellis also noted that the severe and stubborn cases of cardiac 
edema are frequently associated with low serum proteins 

The low levels of the seiuni proteins in some cases of cardiac 
edema piobably result from the low intake of protein, sometimes foi 
a period of 3^ears, especially in cases of hypertensne cardiovasculai 
disease With the beginning of congestive failure and lesultmg anorexia 
the protein intake is often further restricted, and the case becomes one 
of malnutiition, with nutiitional as well as cardiac edema It would 
seem logical in cases of cardiac failuie ^\lth edema to give a diet 
adequate in piotein as well as high m carbohydrate With care this 
can usually be accomplished in spite of the tendenc) to anorexia, and 
also without giving an excess of salt and fluid In cases ^\lth maiked 
lowering of the serum protein levels adequate protein in the diet is 
of great assistance, in addition to the legulai treatment of congestive 
failure, in eliminating the edema which otheiwise is lather stubborn 
In view of these facts, and considering the woik of Keutmann and 
McCann,-® the common practice of marked lestriction of protein intake 
in cases of hypertensive cardiovascular disease without retention of 
nitrogen would seem to be unjustifiable and at times harmful 

The cases of cardiac disease with edema in the present study are 
listed in table 4 There are only 2 oi 3 m which there was a sufficient 
deficit of serum protein for it to be consideied a possible additional 
factor in the production of the edema Case 23 is of interest The 
patient had constrictive pericarditis with calcification of the pericardium, 
ascites and edema of the scrotum and extremities He also had a 
considerable deficit of serum protein He was improved following 
cardiolysis, but the edema did not entirely disappear until the serum 
protein levels had returned to normal on a diet high in protein 

Diabetic edema is now seen much less often than before the use of 
insulin This is probably because, wuth insulin, one is able to give 
patients a normal caloric intake, w'hile foimerly patients with model ateh 
severe diabetes had to be maintained m a state of chronic malnutrition 
Peters, Bulger and Eisenman found the serum protein values normal 
in mild cases of diabetes unassociatcd with ketosis or malnutrition, but 
decreased m severe cases associated with chionic malnutrition Bruck- 


26 Keutmann, E H , and McCann, W S Dietarv Protein m Hemorrhagic 
Bright’s Disease, J Clin Investigation 11 973, 1932 

27 Peters, J P , Bulger, H A , and Eisenman, A J The Plasma Proteins 
in Relation to Blood Hydration II In Diabetes Melhtus, T Clin Iniestigation 
1 451, 1925 
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man, D’Esopo and Peters also found the serum piotein values low 
m cases of diabetes with malnutrition, the deficit being 'principally in 
the albumin fraction These workers also noted that with diabetic 
acidosis edema was seldom if ever seen, and that with acidosis and 
accompanying dehydration there was hemoconcentiation and a serum 
piotein level above that found when normal hydration was restored 
Consequently the edema ivas usually seen in the absence of acidosis and 
dehydration or aftei the acidosis and dehydiation had been relieved 
However, in all cases of diabetes with edema there was low serum 
protein Joshn and Goodall,-^ in 1908, found when treating diabetic 



Chart 2 — Serum protein levels in noncardiac cases of edema The crosses 
represent cases The space between the broken lines represents the normal range 
of the protein level 

acidosis with sodium bicaibonate that edema developed in some of the 
patients while in others it did not Hence they concluded that some 
factor other than the sodium bicarbonate must have been responsible 
foi the edema Although they did not, at that time, make serum 

28 Bruckman, F S , D’Esopo, L M, and Peters, J P The Plasma Pro- 
teins in Relation to Blood Hydration IV Malnutrition and the Serum Proteins, 
J Clin Investigation 8 577, 1930 

29 Joshn, E P, and Goodall, H W Experiments on an Ash-Free Diet 
and Salt Metabolism w ith Especial Reference to Edema in Diabetes Mellitus, J A 
M A 51 727 (A.ug 29) 1908 
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protein determinations, it seems piobable that the patients with edema 
might have had low seium piotein levels 

Vomiting and anorexia, if they have persisted long enough, may 
result in malnutiition and hypoproteinemia due to inadequate intake 
of protein This is well illustrated m case 6, table 2 This patient with 
linitis plastica due to scirrhous carcinoma or syphilis of the stomach 
gave a history of vomiting nearly everything he had eaten for from 
two to three months before admission He had edema, bradycardia and 
somnolence, and the total seium protein amounted to 3 93 Gm of 
which 2 96 Gm was albumin Although the malnutrition and hypo- 
proteinemia might liaAC been due to the gastric lesion, it seems more 
probable that the deci ease in the protein intake due to the vomiting w as 
the principal factor, since on a diet high in protein the edema disappeared, 
the serum protein levels returned to normal and the patient felt so 
well that he left the hospital against advice 

Excessive Loss of Piotein — Although others had previously noted 
hypoproteinemia and excessive albuminuria in certain cases of nephritis 
with edema, Epstein was the first to explain the edema in these cases 
as caused by hypopiotememia, according to the Starling theory One of 
the chief objections to the explanation of nephrotic edema on the 
basis of hypoproteinemia is the well known fact that early in acute 
nephritis edema is piesent with a normal level of serum proteins How- 
ever, It has been shon n that the edema fluid in acute nephritis contains 
piotein in a relatively high concentration, instead of being a practical!} 
protein-free filtrate of the blood plasma as is the edema fluid of nephro- 
sis and malnutrition This indicates that an increased capillary per- 
meability IS responsible for the edema of nephiitis, which is in keeping 
with the piesence of hemorrhages and exudate m the letina, hematuria, 
hypertension and other evidences of involvement of the general vascular 
system rathei than with a lesion confined only to the kidney It has 
been shown that the edema of acute nephritis, if persistent, will become 
associated with low serum protein levels caused by proteinuria and 
malnutrition 

Peters and his associates showed that the reduction of the serum 
pioteins at the expense of the albumin fraction is not characteristic 
of idiopathic nephrosis, but is equally or more common in other types 

30 Peters, J P (a) Salt and Water Metabolism in Nephritis, Medicine 
11 435, 1932 , (6) ibid , footnotes 280 and 281 

31 Peters, J P , Bruclanan, F S , Eisenman, A J , Hald, P M , and Wake- 
man, A M The Plasma Proteins in Relation to Blood Hj^dration VII A Note 
on the Proteins in Acute Nephritis, J Qin Investigation 11 97, 1932 

32 Peters, J P , Bruckman, F S , Eisenman, A J , Hald, P M , and Wake- 
man, A M The Plasma Proteins in Relation to Blood Hydration VI Serum 
Proteins in Nephritic Edema, J Qin Investigation 10 941. 1931 
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of nephritis with noncardiac edema, such as the nephrotic type of chronic 
glomerulonephritis or amyloid disease of the kidneys It is probable 
that the reason the edema is associated with a deficit of albumin rather 
than with a decrease of globulin is that the protein in the mine is 
mostly albumin According to Hiller, McIntosh and Van Slyke,^^ from 
85 to 90 per cent of the protein in the urine is albumin, while only 
from 10 to 15 per cent is globulin However, the degree of the deficit 
of albumin is not entirely related to the amount of proteinuria in all 
cases, although this is undoubtedly the most important factor in the 
deficit , many patients show unmistakable malnutrition Peters and his 
associates found that when the serum protein level, by reason of a deficit 
of albumin, fell below 5 Gm per hundred cubic centimeters, edema 
was usually piesent When the protein level was between 4 and 5 Gm , 
the edema could usually be eliminated by therapeutic measures, but 
when it fell below 4 Gm , treatment was usually ineffectual In a stud} 
of 75 cases of various types of nephritis, hemorrhagic, degenerative 
and arteriosclerotic, Mooie and Van Slyke^^ found that when the 
total protein content fell below 5 5 ± 0 3 Gm , or the albumin below 
2 5 rt 0 2 Gm , or the specific gravity below 1 023 ± 0 0003, edema was 
usually present A few exceptions to this rule were found 1 During 
the first few weeks of acute hemorrhagic nephiitis, or during exacerba- 
tions of chronic hemorrhagic nephritis due to injuiy or infection, a 
tiansient edema may be seen before the critical levels have been reached 
2 When the serum globulin is involved so that changes in the total 
protein do not parallel the changes m the albumin level, the tendenc}^ 
to edema parallels only the albumin level 3 Restriction of salt may 
cause the edema to be absent, with the serum proteins below the ci itical 
level, however, this usually causes only paitial disappearance of the 
edema 

The cases of nephrosis m the present study aie listed m table 1 
In the cases with edema the proteins were at oi below the critical level 
except in case 5, in which they were slightly above this level 

Peters, Wakeman, Eisenman and Lee mentioned the disappeaiance 
of edema during terminal infections without any appreciable change m 
the concentration of the serum protein (This point is well illustrated 
111 case 2, table 1 With the nephrotic type of glomerulonephritis already 
present primary peritonitis developed in this patient, and the edema 
rapidly disappeared, although the serum proteins were well below the 

33 Hiller, A , McIntosh, J F, and Van Slyke, D D The Excretion of 
Albumin and Globulin in Nephritis, J Chn Investigation i 235, 1927 

34 Peters, J P , Wakeman, A M , Eisenman, A J , and Lee, C Total 
Acid-Base Equilibrium of Plasma in Health and Disease XH A Study of 
Renal Edema, J Chn Investigation 6 577, 1929 
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critical level and even a little lower than before the onset of the terminal 
infection ) The same investigators also showed that with extreme 
hypopioteinemia the tendency to transudation becomes so marked that 
neither the onset of Aomitmg noi the use of acid diuretics, although 
they may cause marked hemoconcentration, produces much, if any, 
diuresis In the terminal stages of nephiitis the i eduction of serum 
protein at the expense of the albumin fraction is common and, m 
some cases, is maiked as in nephrosis Ho\\e\er, it is not possible 
to correlate this with the presence of edema because of the many variable 
and complicating factors, such as heart failure, malnutrition, marked 
hemoconcentration and rapidly changing electrol} tic patterns 

Excessive protein may be lost by ua} of the gastro-intestinal tract 
because of diarrhea oi hemoirhage Lou serum protein le\els are not 
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Nephrotic typo of chronic glomerulonephritis 

+2 

390 

1 38 

2 32 

107 

J 

Nephrotic type of clironic glomerulonephritis 

+2 

COO 

2 94 

313 

1 0 93 


After being on a diet high in protein 

+1 

C40 

3 13 

o 27 

1 0 95 


After being on a diet high in protein 

0 

CS5 





frequently noted, houe\ei, proliabl} because of the hemoconcentration 
caused by the se^ele deh}diation, uhich masks the true seium protein 
levels The dehydration and hemoconcenti ation aie probably furthei 
increased by the acidosis caused by the loss of total base In cases of 
diabetes with malnutiition the piesence of acidosis and dehydration is 
known to mask the seiuni protein levels and edema, and lou serum 
protein levels may be found aftei the restoration of normal h}dration 
A similar mechanism is suggested by the occasional appearance of 
edema in infants with sereie diarrhea aftei the dehydi ation has been 
overcome Chestei Jones®® mentioned low seium protein levels uith 
edema as one of the many complications of chionic ulcerative colitis 
Moschcowitz ®‘ cited 3 cases of chronic ulceiative colitis with low 

35 Peters, J P , Bruckman, F S , Eisenman, A J , Hald, P M , and Wake- 
man, A M The Plasma Proteins in Relation to Blood H 3 'dration IX Serum 
Proteins m the Terminal Stages of Renal Disease, J Clin Inv'estigation 11 113, 
1932 

36 Jones, C M Peripheral Complications of Ulcerative Colitis, M Clin 
North America 16 919, 1933 

37 Moschcowitz, E Hypoproteinemia, J A M \ 100 1086 (April 8) 1933 
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seium protein levels and edema Edema and hypoprotememia developed 
in 2 of the cases which I examined (34 and 35, table 5) following 
iliostoniy foi severe idiopathic ulcerative colitis Owing to the excessive 
loss of protein in this disease it would seem important to see that these 
patients recen e an adequate amount of protein to combat the tendenc}'^ 
to hypopi otememia Moschcowitz suggested that chronic hemoirhage 
from the gasti o-intestinal tract, as with ulcer and carcinoma, may pro- 
duce low serum protein levels and edema However, since the tendency 
to hypoprotememia and edema does not parallel the degiee of anemia 
it is probable that factors other than the direct loss of protein by hemor- 
rhage, such as malnutiition due to inadequate intake oi metabolic waste 
of protein play an impoitant part 


Table 2 — Gioxip 2 MalmiUthon, Mahgnani Tiimoi and Cachexia 


Case Diagnosis and Progress 

Edema 

Total 

Serum 

Protein, 

Gm 

Albu 

mm, 

Gm 

Glob 

ulin, 

Gm 

Albumin 

Globulin 

Ratio 

G 

Linitis plastica due to scirrhous carcinoma or 
syphilis of the stomach 

+2 

3 93 

2 9G 

0 97 

1 3 


After being on a diet high in protein 

0 

73 

5 28 

2 06 

123 

7 

Hodgkin’s disease, ascites, edema of lower 
e\tremities, postmortem, the glands were 
seen surrounding and pressing on the iliac 
vessels 

+1 

7 34 

3 71 

3C3 

1 1 02 

s 

Carcinoma of the colon, metastasis to the 
liver, emaciation and dehydration 

0 

10 50 

5 07 

5 49 

: 0 92 

9 

'Pertiary syphilis, diet low in protein and in 
calories 

+1 

0 72 

3 72 

3 00 

1 1 23 

10 

Carcinomatosis 

+2 

51G 

2 92 

2 24 

113 

11 

Carcinoma of the stomach, with metastasis 

0 

6 78 

4 92 

18G 

1 2 04 

12 

Carcinoma of the sigmoid, cachexia 

+2 

4 53 

3 33 

1 20 

127 


Excessive Destmctwn and Metabolic Wastage of Pioteins — In cases 
of chronic infection with malnutrition the seium piotein levels are 
usually decreased and edema is occasionally seen This was found by 
Bruckman, D’Esopo and Peters^® in cases of tubeiculosis with mal- 
nutrition They also found a marked tendency to increased globulin 
in conditions caused by chionic infection Landis and Leopold found 
the serum protein level as low as 3 6 Gm pei hundied cubic centimeteis 
in a case of tubeiculous enteritis with a lestiicted diet Wolfeith"*' 
reported low serum protein levels and edema in patients with fecal 
fistulas and emaciation In 124 determinations on 57 patients who 
showed evidence of malnutiition Biuckman, D’Esopo and Peteis found 
the total serum piotem level reduced, and in this reduction the albumin 
fraction alone sufteied except in the cases associated with infection, 

38 Landis, E M , and Leopold, S S Inanition Edema Associated with 
Tuberculous Enteritis, J A M A 94 1378 (May 3) 1930 

39 Wolferth, C C Inanition Edema Associated with Alimentary Disturbances 
in Adults, M Qin North America 8 785, 1924 
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as mentioned pieviously, in ^vhlcll the globulin tended to be increased 
They found that m the cases of malnuti ition the administration of a 
high caloiic diet ^Mth a large propoilion of protein caused a gradual 
rise 111 the seiuiii albumin as nutrition improved Bruckman and Peters 
concluded that malnuti itional oi cachectic edema is lefeiable to a 
deficiency of serum albumin brought about by a wastage of body piotein, 
the result of disease or of inadequate diet That i\astage of body 
protein is piobably an impoitant factor is suggested b\ the gradual 
fall of serum protein leicls m cases of carcinoma m which cachexia 
develops in spite of a caloiic and piotein intake which would be adequate 
for a normal peison This is w'ell illustrated in case 16, table 3, and case 
10, table 2 With caicmoma of the head of the pancreas and caicmoma- 
tosis, respectnely, the seium protein levels dropped m spite of every 
efifort to keep up an adequate protein and caloiic intake 

The cases of malnuti ition, malignant processes and cachexia are 
listed in table 2 Those wuth edema show^ed a pionounced deficit of 
sei um pi otein except case 7 m wduch the edema was due to the pi essure 
of tumoi tissue on the iliac vessels 

Inadequate Assimdation of Ptotcm o; Deceased Foiination of 
Pi ofetn — Since the site of the formation of the plasma proteins is not 
known except in the case of fibrinogen, wdneh Fostei and Wdupple^^ 
showed definitely to be formed by the liver, one can onl\ speculate 
as to the possibility of deficits of serum protein being at times due to 
inadequate formation Likewise, inadequate assimilation of piotein 
owing to some gastro-mtestinal defect can be no moi e than suspected 

Howevei, it is interesting to note the sudden drop in seium piotems 
and more especially m the albumin m cases of severe damage to the 
liver, such as acute }ellow atiophy This is well illustrated in case 
19, table 3, m adiich the patient had ingested from 4 to 6 ounces (125 
to 185 cc ) of chloiofoim A da} or two after the de\elopment of 
intense jaundice the serum proteins totaled 5 66 Gm pei hundred 
cubic centimeteis, of which 4 56 Gm w'as albumin Two da}s later 
the proteins had dropped to 4 31 Gm , of which 2 82 Gm w'as albumin 
In case 13, table 3, in wduch the patient died of acute }ellow'^ atiophy 
caused by cinchophen, the serum proteins diopped to 5 15 Gm , of 
which 2 94 Gm was albumin In these cases it seems possible that the 
toxic agent depressed the source of the formation of seium proteins, 

40 Bruckman, F S , and Peters, J P The Plasma Proteins in Relation to 
Blood Hydration V Serum Proteins and Malnutritional or Cachectic Edema, 
J Chn Investigation 8 S91, 1930 

41 Foster, D P, and Whipple, G H Blood Fibrin Studies IV Fibrin 
Values Influenced by Cell Injury, Inflammation, Intoxication, Liver Injury and 
the Eck Fistula Notes Concerning the Origin of Fibrinogen in the Bodj’’, Am J 
Physiol 58 407, 1922 
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especially that of albumin, or possibly seveie metabolic wastage 
accounted for the sudden drop m the serum piotems The absence of 
marked loss of protein fiom the body and the rapid onset of a deficit 
of serum protein suggest that the liver may have much to do with 
the production of serum protein other than fibrinogen Kumpf also 
recorded a case of acute yellow atrophy m which the serum proteins 
were very low, especially the albumin, causing a leversal of the albumin- 
globulin ratio Moschcowitz mentioned a patient who had Gauchei ’s 
disease and nodular cirrhosis with hypoproteinemia and edema Peters, 
Bruckman, Eisenman, Hald and Wakeman mentioned a patient with 
cirrhosis of the liver who had generalized subcutaneous edema, in whose 


Table 3 — Gtoup 3 Disease of the Livei 





Total 

Serum 

Albu 

Glob 

Albumin 




Protein, 

mjn, 

ulin. 

Glo-bulin 

Case Diagnosis and Progress 

Edema 

Gm 

Gm 

Gm 

Ratio 

13 

Acute yellow atrophy due to cinchophen 

-hi 

5 15 

2 94 

2 21 

113 

14 

Syphilitic cirrhosis 

0 

8 59 

5 07 

3 52 

1 1 4 

15 

Portal cirrhosis 

0 

82S 

371 

4 57 

1 0 81 



0 

790 

3 65 

4 25 

1 0 85 

10 

Carcinoma of the head of the pancreas with 







obstructive jaundice 

Three months later marked cachexia, mal- 

0 

9 22 

5 26 

306 

113 


nutrition and edema 

-h2 

4 37 

2 68 

168 

1 J5 

17 

Syphilitic cirrhosis of the liver, with ascites 

0 

6 56 

2 57 

3 98 

1 0 64 

IS 

Acute hepatitis, with marked jaundice 

0 

8 28 

406 

4 22 

1 0 96 


Jaundice decreased, ascites present 

0 

6 56 

2 84 

8 72 

1 0 76 


Ascites present, moderate edema of ankles 

-1-2 

484 

2 32 

2 57 

1 0 92 


After increasing protein in the diet 

0 

6 65 

2 37 

428 

1 0 55 

19 

Subacute yellow atrophy of the liver due to 







Ingestion of chloroform with fatal out- 
come 

0 

5 66 

4 66 

110 

1 4 1 


Acidosis, carbon dioxide combining power. 







15 per cent by volume 

0 

4 31 

2 84 

1 42 

119 

20 

Cirrhosis of the liver, with ascites 

0 

8 46 

513 

3 33 

115 


serum the total proteins varied between 5 9 and 7 23 Gm pei hundred 
cubic centimeters while the albumin was very low, from 1 52 to 1 95 
Gm , with the globulin making up the greater pait of the proteins 
Case 18 IS interesting, the patient having been admitted to the hospital 
with acute hepatitis and marked jaundice, later developing into cinhosis 
with ascites During this time the serum proteins fell from 8 28 to 
4 84 Gm pei hundred cubic centimeters, and the albumin from 4 06 
to 2 52 Gm , with the development of edema The edema was probably 
not due entirely to the piessure of the ascitic fluid on the abdominal 
veins, since it was not present before the serum proteins became so 
low and did not improve appreciably when the ascitic fluid was lemoved 
by paracentesis It is doubtful that the liver had any direct relation to 
the deficit of serum protein, since the patient was on a diet high in cai - 
bohydrate and low in piotein and fat in an eftoit to combat the ascites 

42 Kumpf, A E The Blood Proteins with Special Reference to the Changes 
Occurring m Renal Diseases, Arch Path 11 335 (March) 1931 




230 


ARCHIVES OF INIERNAL MEDICINE 


The idea that the deficit of seium piotein ^\as piobably caused 
by a decrease in piotem intake and perhaps b} metabolic wastage is 
fuither stiengthened liy the marked impioAement m the edema and 
the rise in the seium piotems when the piotem in the diet was 
increased Atchley, Loeb Benedict and Palmei noted a reduction 
of serum proteins in 3 cases of ciiihosis of the livei with ascites 
Wiener and Wienei “ found the albumin somewhat decreased and 


Table 4 — Gioup 4 Catdtac and Poicardiac Disease 


Case Diagnosis and Progrc's 

rdcinn 

Total 

Serum 

Protein, 

Gm 

Albu 

inin, 

Gm 

Glob 

ulin, 

Gm 

Albumin 

Globulin 

Ratio 

21 

Tuberculous pericarditis, nitli effushe and 
syphilitic cirrhosis 

-rl 

10 8 

4 G2 

CIS 

1 0 75 


Tuberculous adhesUc pericarditis and cjph 
llitlc cirrhosis, with gcnernll/ed cdeinal 

i -1-3 

81 

o Aj 

3 o~> 

1 IG 


and ascites ! 

1 _3 

"CC 

3 91 

4 01 

1 OOG 

22 

Adhesive mcdlastinoperlcardltls, enlarged lUcr 
and spleen, edema of the face and lower 
extremities 

-1 

7% 

•1 lO 

3 47 

1 1 2 

23 

Constructive pericarditis, with calcified peri 
cardium and cdcinn of the scrotum and 
lower extremities and ascites 

+2 

500 

31 

1 C 

121 


After cnrdiol>sis and increased intake of 
protein 

0 

7 05 

4 OS 

3C7 

112 

21 

Cardiac decompensation, palpable h\cr 


CGI 

3 75 

2 8C 

113 

25 

Arteriosclerotic cardiac disease, with dccom 
pensation and general anasarca 

-4 

CIS 

3 27 

2 01 

111 

20 

Mjocardial degeneration, inoperable card 
noma of the stomach, diabetes mcliltus 
After exploratory laparotomy 

-1-1 

C7S 

4 01 

2 74 

1 1 1 


J.2 

C23 

4 01 

0 

1 IS 

27 

Arteriosclerotic cardiac disease, with dccom 
pensation and general anasarca 

j-i 

COO 

4 20 

1 so 

1 2 3 

28 

Cardiac decompensation 

-1-3 

7 70 

300 

3 so 

1 10 

29 

Arteriosclerotic cardiac disease 


8 7a 

4 01 

4 71 

1 0 85 

30 

Arteriosclerotic cardiac disease 

+1 

so 

4 78 

412 

111 

31 

Syphilitic aortitis 

Ml 

css 

1 SC 

152 

1 3 

32 

Hjpertenslon, myocardial degeneration 

-1-1 

SS2 

5 7C 

30C 

1 10 


the globulin mcieased in 12 cases of hepatic ciiihosis Howe^er, there 
was no consistent marked deficit of serum protein In cases of jaundice 
wuthout an elevation of temperature thej found the serum pioteins 
normal in amount or increased, the albumin wuthin normal limits 
and the globulin mcieased It is apparent from the cases lepoited bj 
various authois and fiom those A\hich I ha^e examined and listed in 
table 3 that the seium piotem lei el m disease of the Inei is quite 
variable Except in cases of acute hepatic msufficienc} such as acute 
01 subacute atiophy of the Inei in which the seium piotem levels 
diop rapidl), theie is no consistent deficit of seium piotem m disease 
of the liver When theie is an appreciable deficit of piotem in chronic 

43 Atchley, D W , Loeb, R F , Benedict, E AI , and Palmer, W W 
Physical and Chemical Studies of Human Blood Serum III A Study of !Mis- 
cellaneous Disease Conditions, Arch Int Med 31 616 (April) 1923 

44 Wiener, H J , and Wiener R E Plasma Proteins, Aich Int Med 
4L6 236 (Aug ) 1930 
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disease of the livei, it can usually be explained by accompanying mal- 
nutrition or by inadequacy of protein intake, since a diet low in piotein 
IS often employed as a therapeutic measure m these cases 

Edema is frequently seen in cases of peinicious anemia It is also 
seen at times in cases of idiopathic hypochiomic anemia In case 33, 
table 5, the patient had idiopathic hypochromic anemia with edema and 
sei um proteins totaling 4 84 Gm per hundi ed cubic centimeters, of 
which 3 75 Gm was albumin and 1 3 Gm globulin Peters, Eisenman 
and Bulger found low plasma protein values 4 times in 7 observations 
on patients with profound anemia They found no i elation between 
the 1 eduction of the proteins and the presence, seventy or type of the 


Table 5 — Gioup 5 Miscellaneous hnolvemcnfs 





Total 

Serum 

Albu 

Glob 

Albumin 




Protein, 

min. 

ulin. 

GlO'bulin 

Case Diagnosis and Progress 

Edema 

Gm 

Gm 

Gm 

Ratio 

33 

Idiopathic hypochromic anemia 

+1 

4 84 

3 71 

1 30 

128 

34 

Ulcerative colitis, after iliostomy and admin 







istratlon of considerable salt solution 

+2 

5 40 

2 24 

216 

1 103 

35 

Ulcerative colitis, following Iliostomy 

+2 

6 40 

3 38 

3 02 

111 

36 

Chronic ulcerative colitis 

0 

8 54 

5 02 

3 52 

1 142 

37 

Chronic pemphigus 

+1 

000 

3 00 

300 

1 1 

38 

Tuberculous peritonitis, plastic 

0 

6 71 

8 91 

2 80 

113 

39 

Diabetes mellitus 

0 

090 




40 

Plastic peritonitis (tuberculous ?) 

0 

7 84 

3 37 

4 47 

1 0 75 

41 

Lobar pneumonia 

0 

3 91 

2 95 

0 96 

1 3 

42 

Acromegaly 

0 

8 20 

39 

43 

109 

43 

Celiac disease, with a diet high in protein 

0 

0 68 

4 49 

519 

1 0 86 


Celiac disease, with a diet high ih protein 
Celiac disease, with exacerbation of symp 

0 

812 

410 

402 

1 101 


toms, diarrhea, anorexia, loss of weight 

+2 

6 56 

3 52 

3 04 

111 

44 

Tertiary syphilis, colonic stasis 

0 

9 56 

5 30 

4 20 

1 1 2 

45 

Diabetes mellitus , 

0 

6 90 




46 

Diabetes mellitus, fibroma of the uterus 

0 

7 60 

41 

3 5 

112 

47 

Pernicious anemia, red blood cells, 3,000,000 

0 

8 21 

4 42 

3 79 

112 


anemia Meulengiacht and his associates^® found a low serum piotein 
level in nearly all of 12 patients with pernicious anemia, and edema in 
11 However, he found no constant relationship between the degree of 
anemia and that of edema Moschcowitz,®'^ after reviewing the work of 
several investigators, stated that the edema in pernicious anemia is suffi- 
ciently accounted for by a hypoproteinemia which is rathei consistently 
present m this disease whether the malady is accompanied by edema or 
not The cause of the hypoproteinemia is not known It may be due to 
deficient formation, increased destruction or lack of adequate absorption 


45 Peters, J P , Eisenman, A J , and Bulger, H A The Plasma Proteins 
in Relation to Blood Hydration I In Normal Indniduals and in Miscellaneous 
Conditions, J Clin Investigation 1 435, 1925 

46 Meulengracht, E , Iversen, P , and Nakazawa, F Pernicious Anemia 
Edema and Reduction in Excretion of Water, Arch Int Med 42*425 (Sept ) 
1928 
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oi assimilation of piotein fiom the gastio-intestinal tract Castle 
believed that in some cases of peinicious anemia and sprue there is, 
in addition to a lack of the intrinsic factor from the stomach or the 
extrinsic factor (dietaiy deficiency) or both, an improper intestinal 
absorption, and that in such cases recovery occurs only when liver 
extract is used paienteially It is conceivable that improper intestinal 
absorption of protein might be an important factoi in the production of 
the hypoproteinemia that so often accompanies pernicious anemia Like- 
wise, Stiauss and Castle believed that idiopathic hjpochromic anemia 
may be due to diiect dietary deficiency, or to indnect dietary deficiency 
conditioned by gastiic anacidity and hypo-acidity, or to a factor associ- 
ated with these defects This might also explain the hypoproteinemia 
occasionally seen with hypochiomic anemia Marriott^® believed that 
the edema fiequently present m celiac disease is dependent on a low 
concentration of seium piotein This may be another example of hypo- 
proteinemia and edema caused by inadequate absorption of protein from 
the gastro-mtestmal tract In case 43, table 5, in which the patient had 
celiac disease, theie w’^as no deficit of serum protein while the patient 
was under careful management, with a diet high m protein Howe\er 
later theie was an exacerbation of symptoms, with diarrhea, anorexia 
and loss of w^eight, and at that time a deficit of scrum piotcm and 
edema developed 

THE RATIO or ALBUMIN TO GLOBULIN 

In expel iments with plasmapheresis m dogs, Danow, tiooper and 
Cary® found the albumin and the globulin i educed in approximately 
the same pioportions, but after the bleeding w'as stopped, the restoration 
of the globulin w^as moie rapid than that of the albumin Lepore^® 
found the same thing m slow plasmapheiesis m dogs, but with 
moderately lapid plasmapheresis he found that the albumin was restored 
moie quickly than the globulin during the first day oi two, wdnle later 
the globulin was restoied more lapidly than the albumin He suggested 
that the early emeigency restoration is from the lynnph It has been 
shown by piactically’’ all those woiking on hy^poprotememia, both that 
due to the nephiotic syndrome and that due to malnutrition, that the 
deficit IS m the albumin, and that the edema is more closely'^ related 
to this deficit than to the level of the total proteins The globulin is 
usually^ not decreased and is frequently^ slightly increased This increase 

47 Strauss, M B , and Castle, W B Studies of Anemia in Pregnancj III 
The Etiologic Relationship of Gastric Secretory Defects and Dietarj’’ Deficienc} 
to the Hypochromic and Macrocytic (Pernicious) Anemias of Pregnanc}' and the 
Treatment of These Conditions, Am J M Sc 185 539, 1933 

48 Marriott, W M Infant Nutrition, St Louis, C V Afosby &. Compam, 
1930 
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111 the globulin is too frequent in hypoproteinemia to be legaided as 
always due to coincidental infection It is probably in the natuie of a 
compensatory lesponse which, however, usually fails to ple^ent the 
occurrence of edema Since the oncotic pressure of the albumin is about 
4 times that of the globulin, one expects the tendency to edema to 
follow more closely the level of the albumin than that of the globulin 
01 of the total proteins, but it is conceivable that a sufficient inciease in 
the globulin might prevent the formation of edema m the face of a 
considerable deficit in the albumin Salvesen reported a case of 
nephiosis with syphilis which is often quoted to illustrate this point 
The seiura albumin level was only from 1 69 to 2 56 Gm pei hunched 
cubic centmieteis, but this was balanced by a globulin lei’^el of fiom 
7 10 to 8 08 Gm , which kept the oncotic pressure up, and edema did 
not develop As shown by Bruckman, D’Esopo and Peters,-^ in cases 
in which a maiked increase in globulin is found, this is usually associated 
with infection For that leason they found normal levels of the total 
proteins in ceitain patients with infectious diseases and malnutrition 
in spite of the piesence of a definite deficiency in the serum albumin 
As they suggested, it seems doubtful that the latio of albumin to 
globulin IS m itself of any great value If the levels of albumin and 
globulin are influenced by different factors it would seem that the levels 
of the individual components and not their relative levels aie important 
Hence it is evident that a low albumin-globulin quotient due to an 
excess of globulin has an entirely diffeient significance fiom one that 
is due to a deficiency of albumin 

OTHER FACTORS IN THE PRODUCTION OF NON CARDIAC EDEIMA 

The piepondeiance of evidence indicates that the piincipal and 
constant factor m producing a tendency toward noncai diac edema, eithei 
nephritic or nutiitional, is a deficit of seium piotem Howevei, theie 
is another impoitant factor, namely, the consumption of sodium chloiide 
In order to form edema fluid the organism must be supplied with the 
materials which make up this fluid, namely, salt and watei The oigamsm 
IS not inclined to letam water unless there is sufficient salt available to 
foim an isotonic solution This is evidenced by the fact that a large 
amount of water without salt may be drunk by an edematous nephiotic 
pel son without increase m the edema unless there has been a pievious 
excess of salt m the diet In fact, water given without salt not onl} 
may be excreted normally, but may sweep out of the body salt pieviously 
1 etamed and with it extra watei , causing a profuse diuresis This 
same thing nas found by Schittenhelm and Schlecht^'^ in cases of 

49 Salvesen, H A Hyperprotememia in a Case of Nephrosis, Acta med 
Scandinav 65 152, 1926 
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famine edema They also found that salt -without watei was well 
excieted, uithdi awing watei from the body, but that salt and watei 
given togethei exaggeiated the edema It used to be thought that in 
nephritis the kidne}s weie unable to excrete chlorides and that as a 
result watei was letamed only after the retention of chlorides This 
theoiy was also favored because of the diuiesis which developed with 
restriction of salt and the noimal excietion or even diuresis that occurred 
when water was given without salt This only proves, according to 
Peters,^®" that water is not retained without an equivalent amount of 
salt Furthermoie, theie is no direct evidence to indicate that the kidne} 
is unable to exciete chlorides m nephritis, m fact, potassium chloride is 
well excreted It has been shown m war edema and in famine edema 
and in edema caused bv plasmapheresis in dogs, in none of which there 
IS any real lesion of the kidney, that all the abnormal responses to 
salt, water and alkali ma} be produced which are found m nephrotic 
edema In other words, gnen a patient with a tendenc} to edema, 
that is, with seium piotems at oi near the cntical lerel, the amount of 
edema may be inci eased oi deci eased b) vai}ing the amount of salt 
ingested This has been shown lepcatedl) ’’'® In cases of h) poprotcineinia 
with edema lestiiction of salt intake usiiall) causes diuresis, and the 
edema may partially oi completely disappear , depending to some extent 
on the level of the serum pioteins If the pioteins are w’cll below the 
critical level the edema will usually not disappear complete!} If the 
proteins are at oi abore the critical level the edema ma} disappear 
completely Likewise, so long as the seuim piotems aie at or near the 
critical level, relaxation of the lestnction of salt intake will be followed 
by occurrence or increase of edema 

Whether the sodium or the chloride ion is more responsible for the 
production of the edema is a coirti ov'ei sial point v\hich will not be gone 
into in this paper Peters behev'ed that the edema is not caused 
by the sodium or chloiide per se, but by the provusion of materials in 
the proportions in which they appear m interstitial fluids The diuiesis 
followung production of hypei chloremia by acidif}ing diuietics such as 
ammonium chloride is due to a distuibance of the electrolytic pattern 
which the organism will not tolerate and hence diuresis is induced 
Within certain limits the electrolytic pattei n may be upset wuthout causing 
diuresis, on the other hand, w'hen the seium piotem level is unusually 

50 Albright, F , and Bauer, \V The Action of Sodium Chloride, Ammonium 
Chloride and Sodium Bicarbonate on the Total Acid Base Balance of a Case of 
Chronic Nephritis with Edema, J Clin Investigation 7 465, 1929 Liu, S H , 
Chu, H I , Li, R C , and Fan, C Nutritional Edema II Effect of Alkali 
and Acids on Nitrogen Balance, Plasma Proteins and Edema, Proc Soc Exper 
Biol & Med 29 252, 1931 Moore and Van Sljke^’ Weech and Ling 
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low and hence the force that withdraws fluid from the mteistitial spaces 
IS weakened, an unusually gieat disturbance of electrolytes apjDeais to be 
necessary to induce diuiesis In some of Peteis’ cases, when the 
seiuni protein level was below 4 Gm per bundled cubic centimeteis 
diuresis could not be induced by ammonium chloride, but aftei the 
protein level had iisen above 4 Gm the chloride caused profuse diuiesis 

TREATMEXT OF HYPOPROTEINEMIA 

It IS appaient fiom the foregoing discussion that the most eftectue 
measure in ti eating edema associated with hypoproteinemia is a lestric- 
tion of the intake of sodium chloride If the seium proteins have fallen 
to what IS commonly consideied a ciitical level, that is, accoidmg to 
Mooie and Van Sl 3 ^ke,^^ the albumin to 2 5 Gm or below, oi the total 
piotein to 5 5 Gm or below, a potential hydropigenous state exists 
Edema, if present, may often be eliminated without employing any 
proceduie other than a limitation of the intake of sodium chloiide 
Likewise, lelaxation of the restriction of salt will be followed by a 
prompt appearance or lecuirence of the edema This is especially 
important in some postoperative cases, especially those in which it has 
been necessary to operate in spite of a consideiable degiee of mal- 
nutrition The patients with seium pioteins at or neai the ciitical level 
may be made quite edematous by a too zealous admimsti ation of 
physiologic solution of sodium chloiide In these cases, if edema is to 
be prevented, the salt should be lestncted and the water balance main- 
tained, principally by giving dextrose m 5 to 10 per cent solution intra- 
venously or fluids by mouth oi lectum, with little oi no salt This 
lestiiction of sodium chloiide cannot be followed if coiiti aindicated 
by oliguria oi low plasma chloiide This type of postoperative edema 
IS well illustrated m case 34, table 5, m which the patient had severe 
ulcerative colitis and repeated hemorihages which made an iliostomy 
imperative Postopei atively the serum proteins totaled 5 4 Gm and 
the serum albumin 2 24 Gm per hundred cubic centimeteis After 
leceivmg from 3,000 to 4,000 cc of physiologic solution of sodium 
chloride per day foi two or three days the patient presented geneialized 
subcutaneous edema, marked pulmonary edema and hydiothoiax, wdnch 
piobabty were factors in causing Ins death 

Acidifying diuietics such as ammonium chloride aie also used in 
cases of hypopi oteinemia wnth edema to promote diuresis If, however, 
the total serum protein is below^ 4 Gm per hundred cubic centimeters 
neithei the restriction of salt noi acidifying diuretics have much effect 
on the edema, and othei measures such as transfusions or intravenous 
injections of acacia solutions must be resoited to m an attempt to raise 
the colloid osmotic piessuie In some cases of nephrosis in which the 
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seium pioteins aie not too gieatly i educed feeding of a diet high in 
piotein along with lestiiction of the salt intake may keep the patient 
fiee fiom edema Although one can laiely bung low levels of total 
piotem and albumin up to normal b) a diet high in pioteiii if there is 
not a spontaneous i emission m the disease with a deciease in pioteinuria, 
the total protein can usually be increased abo\e the ciitical level, with 
a lesulting disappeaiance of the edema, which is the most incapaci- 
tating featuie of the disease In the veiy se\ere cases of nephiosis, 
howevei, the loss of protein through the kidne}S may equal oi exceed 
the maximum rate of pioduction of serum protein, so that no impio\e- 
ment can be obtained In a diet high m piotcin As mentioned before, 
restiiction of salt and acidifying diuictics have little or no eftect in 
these cases in wdiich the serum protein le\els are \ery low Transfusion 
may be used, and helps in some cases, but the tiansfused plasma albumin 
may be excreted m the urine almost quantitative!) in a da) or tw o Hait- 
mann adMsed use of acacia in a sufficient quantity to bung the colloid 
osmotic pressure up to oi abo^e the critical le\cl in order to secure 
diuiesis This method is, no doubt, worth) of trial m se\cie cases, and 
IS at times successful m bringing about a rise in the colloid osmotic 
piessuie with lesultmg diuresis, thus lidding the patient of the edema 
and at the same time allownng the serum pioteins to be increased by 
a diet high in piotcm Howfcver, one must be cautious with this method, 
as Austin and McGuinness recent!) pointed out The amount of 
acacia which must be given to bring the colloid osmotic piessuic to a 
critical level w^hen the seium proteins aie veiy low is at times dangeious 
Still more important perhaps, as Keith pointed out. is that it should 
not be given in hypertonic but in physiologic solution of sodium chloride 
or in distilled water, since the hypertonic solution causes a dangeious 
mciease in the volume of the plasma In Austin s case of nephrosis wuth 
very low serum proteins the acacia produced diuresis and ieco\er) 
from the edema, follow^ed by a rise m the seium piotem, but this 
occurred only after an initial period of alai ming s) mptoms and a nearly 
fatal outcome These symptoms w^ere thought to be due to a marked 
increase in the volume of the plasma, and probabl) w'ould not ha^e 
occurred if the acacia had been given in physiologic instead of hypertonic 
solution (about 2 per cent) of sodium chloride 

It IS well known that the seium protein level can be laised in most 
cases of nephrosis and the nephrotic type of glomerular nephntis by a 

51 Hartmann, A F , Senn, M J , Nelson, M V, and Perlej, A U The 
Use of Acacia in the Treatment of Edema, J A M A 100-251 (Jan 28) 1933 

52 Austin, J H , and McGuinness, AC A Precaution Concerning: the 
Treatment of Edema by Intravenous Administration of Acacia, Tr A Am Phj'Si- 
cians 48 276, 1933 

53 Keith, N M , m discussion on paper by Austin and McGuinness 
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diet high in protein Various studies have shovn that this same object 
can be accomplished m malnutritional and famine edema*'* Hovever, 
the deficit in serum albumin disappears slowly with a diet high in pro- 
tein, even though there is a positive nitrogen balance This is no doubt 
due to the necessity of replenishing the wasted tissues before the blood 
proteins use appreciably In general, patients with hypoprotememia of 
whatevei cause should have at least 1 Gm of piotem per kilogram 
of bod}'^ weight, plus enough additional protein to counteract that lost 
by protemuiia in cases of nephrosis or by excessi've metabolic destruction 
in cases of cachexia oi malnutrition In addition to this, theie should 
be added from 5 to 20 Gm of protein to replenish the wasted tissues 
almost umfoimly present The feeding of adequate protein to leplenish 
the wasted tissues and to raise the serum protein level is not always 
easy, especially m cases of cachexia, because the frequently accompaii}- 
ing anorexia prevents an adequate intake The carbohydrate intake 
should also be high m order that the proteins may be used as economically’’ 
as possible This is probably especially important in those cases of 
disease of the liver m which are also shown low levels of serum proteins 
Although the usual cardiac edema is not due to decrease m serum pro- 
teins there are occasional cases of cardiac disease with very stubborn 
edema m which hypoprotememia is also present and is probably a big 
factor in the edema Chronic heart disease is a condition in which mal- 
nutrition may easily occur, and this should be guarded against by an 
adequate intake of protein 

SUMMARY 

The occurrence of edema when serum protein levels are low is best 
explained on the theoiy of Starling, further elaboiated by Govaerts 
and Shade and Clausen, that the colloid osmotic pressure, when lowered 
owing to a deficit in the serum protein, is unable to counterbalance the 
normal hydrostatic pressure and hence is unable to return sufficient fluid 
to the capillary bed, and edema results Approximately’- 4 times as much 
colloid osmotic pressuie is exerted by 1 Gm of albumin as by^ 1 Gm 
of globulin For this reason the tendency to edema follows the level 
of the albumin more closely than that of the globulin or that of the 
total protein 

Epstein vas the first to use this theory clinically in explanation of 
the edema m nephrosis Edema associated with low serum proteins has 
been produced by feeding rats a diet deficient m protein Low levels of 
serum proteins and edema have often been produced by plasmapheresis 
in dogs, that is, by bleeding, removal of the plasma and reinjection of 
the cells in saline or Locke’s solution 

54 Bruckman, D’Esopo and Peterses Liu, Chu, Wang and Chung lo Weech 
and Ling IS Youmans.so and Youmans, Bell, Donley and Frank 21 
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Wai and famine edemas have been shown b}' several observers to 
be associated wnth an inadequate intake of piotein and low levels of 
serum proteins 

As to the site of the formation of plasma proteins, no evidence 
appears to be available except m the case of fibrinogen, which has been 
shown to be formed m the liver 

Normally plasma contains fiom 6 2 to 8 Gm of piotem per hundred 
cubic centimeters, of wdiich fiom 3 6 to 5 Gm is albumin and from 2 
to 3 5 Gm IS globulin The albumin-globulin quotient is from 1 2 to 2 2 

Low levels of seium proteins and resulting edema may be found in 
a variety of clinical conditions and may be clue to a number of causes 
such as (1) insufficient intake of piotcm due to an inadequate diet, 

(2) excessive loss of protein due to proteinuiia. diarrhea or hemorrhage, 

(3) excessue metabolic w'astagc or destruction of protein due to chronic 
infections or cachectic states , (4) inadequate formation of proteins or 
decreased assimilation The various clinical conditions in which low 
serum protein levels and edema appeal owing to one of the aforemen- 
tioned causes are discussed 

As the serum protein lc\els fall, edema usually appears wffien the 
protein total i eaches 5 5 rt 0 3 Gm per hundred cubic centimeters or 
when the albumin i caches 2 5 ±: 02 Gm These arc frcqucntl} called 
the critical levels since they aic the levels at wdneh edema usuall} appears 
and at which the hydropigenous tendency is most easily aflfccted by other 
factors such as the intake of sodium chloride 

Deficits of seium protein fall principall} on the albumin fraction 
The globulin fraction may be normal, decreased, increased slightl) as a 
compensatory effort oi increased markedly, especiall} wdien infection is 
present 

The ratio of albumin to globulin is, in itself, probably of little or no 
importance, since an inversion of the ratio due to an inciease in the 
serum globulin has a significance entiicly diflcrent from that of an 
inversion due to a decrease in the scrum albumin 

The intake of sodium chloride and the electrolytic pattern have an 
important influence in niodif}ing the edema associated with low levels 
of the serum proteins 

Low levels of seium piotcins, wuth resulting edema, are best pre- 
vented by adequate ingestion of protein The best ticatment is by a 
diet high 111 protein, restriction of sodium chloiide intake and at times 
use of acidifying diuretics, tiansfusions of blood oi plasma and intra- 
venous administration of acacia 

The cases cited in this paper were selected from the services of Dr G At 
Piersol and Dr H L Bockus 
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A study of the caidiac output may be expected to throw light on 
the mechanism of the pioduction of the clinical syndiome known as 
congestive heart failuie A number of such investigations have been 
made Some authoi s ^ have reported a decrease in the cardiac output 
m patients with congestive heart failure Otheis " have found the oppo- 
site, while still otheis have failed to obseive any consistent change in 
this function ^ The validity of these data is obviously dependent on 
the accuiacy of the methods employed Grollman ^ pointed out that the 
methods used have been of doubtful reliability in patients with heait 
failure, and that the conclusions which have been ai rived at by these 
procedures aie therefoie of questionable accuiacy Recently Gi oilman 
and his co-workers ° have defined criteria for detei mining the apphca- 

From the Department of Medicine, Vanderbilt University 

1 (a) Lundsgaard, C Untersuchungen uber das Minutcnvolumeii des 

Herzens bei Menschen H Patienten mit Herzklappenfehlern, Deutsches Arch 
f khn Med 118 513, 1915 (b) Meakins, J C, and Davies, H W Respiratory 

Function in Disease, Edinburgh, Oliver & Boyd, 1925 (c) Stewart, H J , and 

Cohn, A E Studies on the Effect of the Action of Digitalis on the Output of 
Blood from the Heart The Effect on the Output m Normal Human Hearts 
The Effect on the Output of Hearts m Heart Failure with Congestion in Human 
Beings, J Clin Investigation 11 917, 1932 

2 Plesch, J Hamodynamische Studien, Ztschr f exper Path u Therap 
6 380, 1909 Eppinger, H , Kisch, F, and Schwarz, H Das Versagen des 
Kreislaufes, Berlin, Julius Springer, 1927 

3 Kroetz, C Messung des Kreislaufminuten volumens mit Azetylen als 
Fremdgas, Khn Wchnschr 9 966, 1930 Kmamonth, J G The Circulation Rate 
111 Some Pathological States with Observations on the Effect of Digitalis, Quart 
T Med 22 277, 1928 

4 Grollman, A The Cardiac Output of Man in Health and Disease, Spring- 
field, 111 , Charles C Thomas, Publisher, 1932 

5 Grollman, A , Friedman, B , Clark, G, and Harrison, T R Studies in 
Congestive Heart Failure XXIII A Critical Study of Methods for Determining 
the Cardiac Output in Patients with Cardiac Disease, J Clin Investigation 17 751, 
1933 
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bility of methods foi detei mining cardiac output to patients with cardiac 
disease, and a technic which appears to yield reliable results has been 
desci ibed In om papei ai e pi esented data obtained by this method 

PROCEDURE 

The subjects studied were hospital patients They were trained to perform 
the rebreathing on one or more occasions prior to the beginning of the observations 
Some patients experienced difficulty in breathing correctlj and had to practice 
many times Before and after the rebreathing procedures the basal oxygen con- 
sumption was measured bj analysis of tbe expired air which w’as collected in a 
Tissot spirometer The arteriovenous oxjgen difference was determined by the 
acetjdene method, the technic used being that described by Grollman and his 
associates ^ In this regard several points arc w orthj ot emphasis 

It accurate results are to be obtained it is neccssar^’^ that the rebreath- 
mg bag be emptied completely at each inspiration and that the expirations be 
maximal The breaths not only should be of the greatest possible depth but 
should be rapid, each complete cj'cle lasting not more than two seconds 

The most satisfactory results are obtained w'hcn the gas mixture at the end of 
thirty seconds of breathing contains from 13 to 16 per cent oxjgen and from 
10 to 15 per cent acetjlene Such final concentrations can be approached in 
patients wuth cardiac disease if the original mixture contains from 2 4 to 2 8 
liters of acetylene, from 0 7 to 1 liter of oxjgen and sufficient air to make a total 
\olume of 5 liters These concentrations of oxjgen and acetjlene arc greater 
than those recommended bj Grollman for normal subjects If the usual mixture 
IS emplojed in patients with cardiac disease, the rclatne increase m the residual 
air, the smaller colume of gas in the bag and the prolongation of the rebreathing 
tend to produce final concentrations of both oxjgen and acetjlene which are too 
low for satisfactorj results It is best to determine the optimal gas mixture for 
each subject in prehminarv tests, since different patients show considerable 
\ ariations 

If accurate results arc to be obtained it is necessarj' that at least three samples 
be taken, and that the arteriovenous difference as determined from tlie first and 
second samples be w'lthin 10 per cent of that calculated from the second and third 
The first sample should be taken at from tw'entc to twenU -three seconds and the 
second and third at about four second intcrcals thereafter Ordinarilj in patients 
with congestive heart failure a complete mixture m the lung-bag s^stem is not 
obtained in less than twentj’’-one seconds, and recirculation occurs at thirtj' seconds 
or very shortly thereafter One therefore has onlj' a narrow margin, and in many 
instances in which the breathing appears to be entirclj satisfactorj the criteria are 
not fulfilled and the results have to be discarded At the first obsen^ation on a 
given subject it is helpful to take four samples, at twentj, twenty-four, tw^enty- 
eight and thirty-two seconds From the arterio\ enous oxjgen differences cal- 
culated from each adjacent pair one can usuallj determine the approximate times 
at which mixing and recirculation occur and take the samples at subsequent obser- 
vations accordingly As patients recover from congestue heart failure it is usuallj" 
preferable to take the samples a few seconds earlier 

In addition to measuring the cardiac output bj" the acetvlene technic, we have 
determined this function in certain patients by the Aenous plateau procedure,® wdiich 

6 Friedman, B , Clark, G , and Harrison, T R Studies in Congestn e 
Heart Failure XXII A Method for Obtaining “Mixed” Venous Blood bv Arte- 
rial Puncture, J Clin Investigation 13 533, 1934 
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1 niodifiLation of Iht nioliiod described b} Biirwcll and Robinson" for obtaining 
‘mixed \enons blood” In a previous comnuiiiieation '• it was shown that the 
venous plateau aud the acetvlene methods jicld similar results when thej arc 
propcrlv applied The fact that oui findings have been checked b.v two methods 
which are based on ditTcrenl principles, each of wiiicii has been criticalh tested 
agauisi various sources oi error, appears to offer convincing evidence of their 
vahditv 

Following tile lebre itiung procedure and the second determination oi the oxvgen 
e<‘.isumpti'''i the vital e ipaeitv was measured 

lilt pitHiits suidud had vinous tvpes ot cardiac disease Congestive failures 
vv IS prisint m sonu and lii'^ent m others, and a number were studied both wdicn 
sufieriug irom and wluu tree irom i ulure vvitli congestion The subject received 
the usud trtiimint uid the lUeet tlu various therajKUtic measures was inves- 
tigated Tin St siiitius will 1st, rti»orted liter In the present report our interest 
has I'ttn ccnltrtd <>n an uialvsi*. ot the relation ol the clinical st ite tif the patient 
to tilt cardi it output and its rtlatid lunctioiis 

(ontnl st, d ts havt Ktii made on i series ot patients without cardiac disease 
1.1 t( tst c’sts tit ttclinie tuiplovtd v is similar to th.il which has been described, 
t'ltpt th‘>t .'.e t is s miplts wlicn the acctvleiie method was used, and the blood 
-‘..Jibs vhiii tl’e vtiious pi ut 111 procedure was cmploved, were drav n a few 
s'co, (Is t irl f for i.i s,K'ii lists niixuiir and ricirculatinn occur «nonir than in 
, 11 . .tit. s V ilu c irdi 1 C dot ot 

HI si I.Ts 

( Ih* liipiitigs lit the ji.utcttts withdut e.iteh.vc ehsc.isc .tie. sjiowtt in 
t.ihk 1 1 he (h't.i .tic ui.ant^efl tn nider tnun ilie Int^liesl to the lowest 

i.itdi'C uiitpiii |Hi inintiti pet sijuuo meld 'i he fii^l ihtee paltciUs, 
who h.id ovei.icuve h( irts .issiKi.tted with sccondatv ntiemin and the 
l.isi subject who It id p.uti.d aetions obsiiuction due tn a mediastinal 
lumoi, had cutiil.itojv distmlumes hut h.id no catdiac disease The 
difident puidits showed i.ilhd wide variations m all the functions 
studied The eanhac output pet minute tanked between 5 4 .md 2 6 
liters Pet sqti.itc metet of itodv sui face the c.udiac output pet mmute 
was within rjrollm.in's noim.d ran"c ('2 2 dc 0 3 htcis) m nine instances 
above it m lout and below it m five Ihc atteiiovenous oxygen diflci- 
ence, winch is .tn invcise mc.tsure of the cardt.ac output in propoilion 
to the metabohe needs of the bodv, was on the avcingc somewhat gicatci 
than m Grollm.in’s noimal subjects, being 70 cc oi mote per htci in 
foul of the eighteen cases T ins gioup of mts'ccllaneous patients showed 
r.athet wide fluctuations m the vat ions circul.ttoiv fiinctions. but m 

/ PiUrv cll, C S , aud Rnbuisoii G C \ Jifclhod for the Dctcrmm.atiou of 
the \mounl oi Oxvgui aud Ctilum Dioxide in the Mixed Venous P.lood of ^fan, 
T CIiii Investigation 1 47, 1925 

8 This term as cmploved m our piper indicates the presence of dvspnca, edema, 
venous distention or hepatic engorgement m subjects at rest In the strict 
pathologic implication the phiase means congestion, cither svstcmic or pulmonarv, 
dependent on c.ardiac disease Restriction of the term to persons havang svstcmic, 
as distinguished from pulmonarv, engorgement seems to us unjustifiable 
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ucncial the xaluts weu ot the sinic ^cnci.il oulci as liiosc found in 
nonnai jiei-nns 

'i'he (l.ita on patients wuli eaidiae disease aie shown in table 2 
OhstnatUMis \\a( ma<k on l\\ent\-se\en patients \\ho \\crc ftcc fiom 
sMuptonis .n lest .Old on nineteen p.ilitnts with eoni;csti\c f.nline Fif- 
nen snlpiUs wcu studied in hath conditions J he findincfs on patients 
with coneestne lailnie aie picstntcd last m the table, those on the 
patients wlm wc.i studied oiih when tiee finin e'onttestnc failine aie 
shown fiist 

1 the pUitiUs withtnii ctaiittstict i.nlnie nine h.ul iheumatic licait 
di-i.ise, fui had s\p]nhs with aoitie insnflicicncx , one apjiaienth had 
scj'ihihtic nnoeiiditis ,nid tlu uinaininu twelve h.id c.ndiac failure 
dijcndcnt on Inp'ittiision and oi aitcnoseleiosis Within each ctio- 
loeoc eniup wide linetn ukuis weu mnnd in the values for cardiac output, 
.-nd sn f*ii t in hi irdctKl iioin snoli .i sm.dl senes ihcie .ippc.ued to 
Ih no e.it.e} itnni lutwtin this i unction and the nndeilvint>; disease jnoc- 
< sv 1 in ne'ht pitnnts with anitciilir fihiillalion had iMidiae untputs 
whuh .vcti on tlu aviiieu semiewh.it liss than those of the other 
pilunts wiitn.ni n-neustivt lailnu hut the difieience w.is not stiiUing 
tin t.ituiits with eoaut stive taihiie five had ihcumatic, four 
svphiiiiu Old tti. V nvuhi i.iidi.'>e fiisi.ise \e;ain the values foi the 
1 lUU H nsitpiit to htai little ui no lelation to the eliologic 

jijouss i h( iivt t"ii( Ills with nnienlai I'lhi illation had ahonl the ‘^amc 
e».<hH on, put I (I s,ji> !u nutei .is the otlu i snhjects m the tjinuj) 

Conij 'iison oi tlu <1 <1 1 in i.thle 1 with those in table 2 shows that 
the eiuiiu onti-nt ps i s,)nn, nietti tU the patients with caidiac disease 
was nile less ih*n iliit oi the control snhiecls 'I'heie was con- 
sult lahh oveihnipinu iiowtvti and join ol the l.ittei subjects hatl a 
iowt; I'ulnr ontpnt ]ti sqn m nielei than the aveiatje value for the 
j'ituais wall etiiietsiivi hi ut f.ninre Likewise, ni seven of the tvvcntv- 
s(\in I ijunts with earth.u tlist.isc hut withonl congestive faiiuic, and 
in s(%tn (U the niiuiteii snlntets with lonitestnc failiiic, the caidiac 
ontini! pt 1 sfju.ire met<i w is .ihovt (irollinan's Invvei noiinal limit (19 
huis) i lu iittiuivt noils owejeii difleunees of the patients with 
t tuh.u disi ise weu in etneial ejUMlei than in the contiol subjects 
bill lieu , 1 ” nil ( ttiisidn.ible ovtilappni" oceniied 

< )i (spui il inkiest IS ,i eonipanson between the pci sons with cMuliac 
distast but wall no s\mpt<tms at ust and the subjects wath congestne 
failnu \ sinnmaiv of the lesnlts m these two "lonps. in oin contiol 
subjects ,(iu! Ill a stm,, of In.iltbv vonntj .ulults studied In Giollm.in 
IS shown in t ible v It c.m be seen that the lan^e of the caidiac outputs 
aiul the aveiajtt v.ilnes foi tins fnnctuin vvcic sinnlai in the “c'ompcn- 
salefl" aiul “deeomjK nsated” jiatients 'I'he ai tei lov^enous owj^en diftci- 
tnee was on tlu avti.i^e, about a pei cent bij^hci in the l.itlci subjects 
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but this difference cannot be legaidccl as significant in view of the wide 
lange of this function in both gioups On the othei hand the basal 
metabolic late, although exhibiting wide fluctuations within each group, 
w'as on the aveiage about 15 pei cent higher in the patients wuth con- 
gestive failure than in the other subjects with caidiac disease, and the 
average value for the vital capacitj was 30 pei cent higher in the latter 
gioup The aveiage cardiac output pci beat w'as about 10 per cent 
gi eater in the patients wuthout than in those wuth congestive failure, 

Table 3 — Sniitnmiy of the Values foi the Cardiac Outjyut and Rilatcd Functions 
in Pci sons zvith and zvithout Conaative II cat t Failuic 


Group 

Xormnl 

sub 

jects* 

Patients 

with 

out 

cardiac 

disease 

Patients 

ivitli 

cardiac 

disease, 

with 

out 

conges 

the 

failure 

Patients 

wnth 

conges 

tive 

heart 

failure 


D 

W 


o 

o 

50 


nasal 
Metabolic 
Kate, 
per Cent 
hormal 


IS +11 —20 


+22 —20 


19 +78 —9 


Oardlnc 
Output 
per Vllnutc 
per Sq Meter, 
Liters 


(+5)t 


3 07 


-1 0 
(+ 0 ) 


+21 

(+ 10 ) 


\rtcrlo\ enous 
0\>f,en 
Ulflortncc 
per Liter, 
Cc 


2 49 1 90 2 21 07 


1 02 2 2.> 

(2 r.) 


2 71 107 


1 72 132 
(1 72) 


2 50 


00 


1 37 1 87 lOS 

(1 79) 


Cardiac 

Output 

per 

Beat, 

Cc 


u a ^ 

c C ^ 


IS 07 00 

(07) 


SO 

(7S) 


SI 

(S3) 


00 25 


Vital 

Capacity 

per 

Sq Meter, 
Liters 


81 33 02 


25 70 3 OS 1 02 2 82 

(52) (2 '0) 


42 2 23 1 00 1 04 

(43) (1 00) 


GO 10 


(o9) 


1 74 


0 77 1 27 

(129) 


I values for the normal subjects wore taLen from Grollmnn’s data * 
t Ihe figures in parentheses denote the median values 


the v^alues in both gioups being less than in the control subjects without 
caidiac disease 

Fifteen patients weie studied duiing congestive failuie and, latei, 
when free from symptoms at icst As is shown in table 4, consistent 
alterations, i e , changes of moic than 10 pei cent, vveie not noted in 
the cardiac output pei minute or in the aiteriovenous oxvgen difference 
However, in more than one half of the cases clinical impiovement was 
associated with an inciease in the stioke v'olume and with a decrease 
in the metabolic rate The most consistent change occuired in the vital 
capacity, which increased by moie than 10 pei cent in thiiteen of the 
fifteen cases and showed a slighter inciease m the other two 
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Observations concerning the ability of the lieait to inciease its work 
were made in three patients Attempts to deteiraine the arteriovenous 
oxygen diffeience dtiiing exeicise resulted in failure, because recircula- 
tion occurs before mixing takes place m the majority of patients with 
congestive failuie Howevei, the question can be studied in anothei 
way The greatei oxygen absoiption which occurs during muscular 
exercise can be brought about by an increase either in the cardiac output 
or in the aiteiiovenous oxygen difference However, the blood which 


Table 4 — Changes m the Ca)(hac Output and Related Functions Follozving 

Clinical Impi ovement 


Basal metabolic rate 
Cardiac output per mmute 
Arteriovenous oxygen difference 
Cardiac output per beat 
Vital capacity 


Increase Decrease No Change** 

18 6 

3 7 5 

4 6 5 

9 3 3 

13 0 2 


No change means a change of 10 per cent or less 


Table 5 — The Oxygen Consumption and Caidiac Output of Patients with 
Congestive Failine But mg the Fust Fezv Seconds of Exeicise 


During the First Few 

Resting Values Seconds of Exercise 

r .-T-rrr- — ^ ^ 

Arterio Oxygen Time of Oxygen 

venous Con- Cardiac CoUec Con- Cardiac 


Oxvgen sump- 
Differ tion per 
once per Minute, 


feubicct 

Diagnosis 

Liter, Cc 

Cc 

L W 

Mitral stenosis, 

auricular 

fibrillation 

SO 

212 

G M 

Syphilitic mjo 
carditis 

78 

251 

r B 

Sjphihtic aortic 

109 

205 


insufficioncy 

113 

279 


Output tion of sump Output 
per Ex-pired tion per per 
Minute, Air, Minute, Minute, 


Liters 

Seconds 

Cc 

Liters 

Type of Exercise 

26 

310 

249 

31 

Overventllation 

only 

32 

3 15 

500 

04 

Overventilation 
and rapid move 
ment of arms 
and legs 

24 

210 

643 

59 

Overventllation 

20 

510 

031 

50 

and movement 
of arms and legi 


IS in the veins and in the venous end of the capillaries at the beginning 
of exercise has already lost its quota of oxygen, and consequently the 
oxygen content of the mixed venous blood remains constant duiing 
the first few seconds of exercise Since there is ordinarily no significant 
change m the oxygen content of the arteiial blood, the arteriovenous 
difference m the lungs is the same as that in the previous resting state 
until the blood which was enteimg the capillaiies at the start of the 
exeicise reaches the lungs Piior to this time the cardiac output changes 
directly as the oxygen absorption and may be calculated from measure- 
ments of the latter function at the onset of exercise and of the arterio- 
venous oxygen difference during the pieviotis state of rest Such 
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calculations aie open to enor because of the short period dining which 
the oxygen absorption is determined, but they may be expected to reveal 
directional changes m the cardiac output 

Observations made by this method are shown in table 5 Even if a 
1 datively large erioi in the measurement of the oxygen consumption 
IS assumed and even if some recirculation of blood occurred, the increase 
111 oxygen absorption was of such large magnitude in two of the three 
patients that it can be asci ibed only to a marked increase in the cardiac 
output It IS evident that even in the presence of congestive heart 
failure the myocardial resene is not exhausted, although it is probably 
much diminished 

These data ma} be summaiized as follows 

1 The cardiac output pci minute per square metei of patients with 
congestive failuie is usually longer than that of persons w'lthout cardiac 
disease, but may be wuthm the normal range 

2 A similai diminution is found in peisons with caidiac disease 
who aie free fiom congestive phenomena Whether groups aie com- 
paied or the same person is studied befoie and after clinical improve- 
ment, constant changes in the cardiac output pci minute are not found 
The disappearance of congestive failure may be associated with an 
increase, a decrease oi no change in this function The arterlO^ enotis 
oxygen difference, which is an inicrse measuie of the cardiac output 
111 proportion to the metabolism, likcwuse exhibits no constant changes 
The output of the heait per beat usualh increases as clinical iinproie- 
ment occurs 

3 The OX) gen absorption pci minute is inci cased in certain patients 
with congestive failine and in such instances it usually decreases with 
iinpi 01 ement 

COMMENT 

Twm theoiies have been advanced concerning the mechanism wdieiebv 
disorders of the heait pioduce the clinical manifestations of congestive 
failure According to one hypothesis, wdnch was clear!) expressed a 
hundred )eais ago by James Hope,*' the phenomena are dependent on 
back-pressure” fiom a dilated heait This idea has been widely 
accepted by pathologists and is in general fai oi wnth European clinicians 

In the English-speaking countiies the “backward failiue” concept 
has been replaced in large measuie b) the “fonvard failure’ theoiy, 
which attubutes dyspnea and the other clinical manifestations of con- 
gestive heart failuie to an inadequate suppl) of blood to the tissues as 
a result of exhaustion of the in)ocardial leserre 

9 Hope, James A Treatise on Diseases of the Heart, American ed 1, 
Philadelphia, Lea & Blanchard, 1842, p 250 
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Sir Janies Mackenzie/” who was one of the chief pioponents of 
this theory, stated 

The symptoms of heart failure from deficient output of blood might be found 
m almost any organ did we possess the means of observing them It so happens 
that one system which suffers early from an impaired blood supply is one which 
readily gives rise to distress This is the respiratory system and it is the distress 
m breathing on response to effort which is usually the earliest sign of heart failure 
As the heart failure proceeds the distress in breathing becomes more easily pro- 
voked until a stage is reached when it is present even when the body is at rest 

Sii Thomas Lewis stated 

Breathlessness is to be ascribed to a deficiency in the flow of aerated blood to 
the head and neck, at first the deficiency is confined to those exercises in which 
normally the cardiac output is much above resting values , at last there is a defi- 
ciency in the physiological quantity of aerated blood expelled by the heart while 
the body is at rest It is when the output at rest declines that blood begins 

to collect on the venous side and the patient begins to manifest signs of congested 
veins and, associated with these, enlargement of the liver, cyanosis, a high-colored 
and scanty urine, ascites, dropsy of the lower members, and congestion and edema 
of the lungs 

Meakms and Davies weie of the same opinion 

We are pursuing further work on this question, but we would suggest that 
cardiac failure of this character is due to an incomplete ventricular systole as a 
consequence of which the ciiculation rate is greatly and progressively diminished 
until the amount of circulating blood is grossly insufficient to carry on the functions 
of the heart, kidneys, nervous system and other important organs 

Similarly, Meakms and Long^® said 

Circulatory failure may be defined as a state in which the volume of blood 
circulated per unit of time is not adequate for the physical needs of the moment 

The same point of view has been expiessed by American clinicians 
Means stated 

The fundamental fault responsible for cardiac dyspnea is obviously to be found 
not m the nature of the blood but the r^e at which it is pumped, in the heart 
itself The important point is that the heart either because of increased 

work, fatigue or degeneration is unable to maintain an adequate rate of blood flow 

Stewait and Cohn^° said 

The volume output of blood per minute from the heart which is in failure is 
diminished and its size larger than when it is in a state of compensation 

10 Mackenzie, James Diseases of the Heart, London, ed 4, 1925, p 33 

11 Lewis, Thomas Diseases of the Heart, New York, The Macmillan Com- 
pany, 1933, p 2 

12 Meakms and Davies,i^ p 319 

13 Meakms, J , and Long, C N H Oxygen Consumption, Oxygen Debt and 
Lactic Acid m Circulatory Failure, J Clin Investigation 4 273, 1927 

14 Means, J H Dyspnea, Medicine 3 309, 1924 



250 


ARCHIVES OF INTERNAL MEDICINE 


In a lecent publication Blumgait and Ins co-\voikers wiote 

It became apparent that circulatory insufficiency consists in the failure of the 
heart to maintain a blood supply adequate to the ordinary needs of the tissues it 
any given metabolic level 

This point of view has been accepted by some ph) siologists as well 
as by clinicians Thus, Henderson, Haggaid and Dolley stated 

The efficiency of the heart is nothing else than the ■volume of blood that it can 
pump 111 relation to the oxygen requirement of the bod\ This applies to the 
athlete, the man of sedentarj’’ habit and to the cardiac patient 

It IS etident fiom the foregoing quotations that the “diminished 
output’ theoiy iinolves the following assumptions 

1 The cardiac output per minute is subnormal in persons with con- 
gestn e heai t failui e 

2 Improvement in tlie clinical state is associated wntli an increase in 
this function 

3 Diminution m the cardiac output — m proportion to the metabolic 
needs — necessaril} results in an inciease m the se\erit} of congestne 
failure. 

4 The presence of congestive failure indicates that the abilit} of 
the heait to increase its w'ork has been lost (“The icscrve has gone, the 
patient is breathless at rest, failuic with congestion is beginning”) '■ 

The data wdnch have been presented indicate that the first of these 
assumptions is true, in general at least Although m some instances the 
cardiac output of persons w'lth congestne failure ma) be wuthin normal 
limits, it is usually decreased It should be noted, how'ever, that certain 
patients wuthout circulatory disturbances ma> show’ a similar diminution 

On the other hand the data indicate that the further assumptions 
involved in the diminished output hypothesis aic mcoriect Clinical 
improvement may be associated with an increase, a decrease or no change 
in the caidiac output per minute Even in the piesence of congestne 
failure the heart is able to increase its work, and its reserve powei, 
although diminished, is not lost It seems justifiable to conclude that 
the clinical manifestations of congestive failure aie not essentialh and 
pnmaril}'- dependent on a diminished blood supph to the tissues 

15 BUimgart, H L , Riseman, J E F Davis, D and Berlin, D D 
Therapeutic Effect of Total Ablation of Normal Tbvroid on Congestne Heart 
Failure and Angina Pectoris, Arch Int Med 52 165 (Aug ) 1933 

16 Henderson, Y , Haggard, H W . and Dolley, F S The Efficiency of 
the Heart and the Significance of Rapid and Slow Pulse Rates, Am T Phvsiol 
82 512, 1927 

17 Lewis, p 157 
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Such a conclusion may seem lather surprising in view of the wide- 
spiead acceptance of this tlieoiy However, it is in accord with the 
lesults obtained by Hamilton, Mooie, Kinsman and Spurlmg^® with 
then injection method These authors found no consistent lelationship 
between the caidiac output pei minute and the degree of congestive 
failuie They repoited decreased minute volume and stroke volume 
in the majoiity of their patients with congestive failure, some showed 
a caidiac output within noimal limits, the disappearance of congestive 
f ailui e was associated with no consistent alterations in the cardiac output 
Using the same pioceduie, Weiss and Robb failed to find consistent 
abnoimalities in the cardiac output m patients with cardiac asthma either 
during or between the attacks The few patients with congestive failuie 
studied b}’- Lauter by the diiect Pick method showed subnormal cardiac 
output, but the same author found equally low values for this function 
in subjects without congestive manifestations and with normal toleiance 
for exeicise 

Concerning the validit}^ of the alternate theory of heart failure we 
have no diiect evidence The fact that clinical improvement is almost 
regularly accompanied by an increase in the vital capacity,^^ when cou- 
pled with the observations of Di inker, Peabody and Blumgart,®® who 
found that compression of the pulmonaiy veins of the cat led to dimin- 
ished expansibility of the lungs, suggests that the changes m vital 
capacity occuiimg in persons with congestive failuie are related to 
back pressure from the left side of the heai t The well known parallel- 
ism between the height of the venous pressure and the seventy of 

18 Hamilton, W F , Moore, J W , Kinsman, J M , and Spurlmg, R G 
Studies on the circulation IV Further Analysis of the Injection Method and 
of Changes m Hemodynamics Under Physiological and Pathological Conditions, 
Am J Physiol 99 534, 1932 

19 Weiss, S , and Robb, G P Cardiac Asthma (Paroxysmal Cardiac 
Dyspnea) and the Syndrome of Left Ventricular Failure, JAMA 100 1841 
(June 10) 1933 

20 Lauter, S Kreislaufprobleme, Munchen med Wchnschr 77 593, 1930 

21 Peabody, F W Clinical Studies on the Respiration, Arch Int Med 16 
846 (Nov) 1915, 16 955 (Dec) 1915, 20 ' 433 (Sept) 1917 Peabody, F W, 
and Wentworth, John A Clinical Studies of the Respiration, ibid 20 443 (Sept ) 
1917 Peabody, F W , Wentworth, J A , and Barker, B I Clinical Studies on 
the Respiration, ibid 20 468 (Sept ) 1917 West, Howard F Clinical Studies 
on the Respiration, ibid 25 306 (March) 1920 Peabody, F W, and Sturgis, 
C C Clinical Studies of the Respiration, ibid 28*501 (Nov) 1921 Sturgis, 
C C , Peabody, F W , Hall, F C, and Fremont-Smith, F Clinical Studies on 
the Respiration, ibid 29*236 (Feb) 1922 Peabody, F W, and Sturgis, C C 
Clinical Studies on the Respiration, ibid 29*277 (March) 1922 

22 Drinker, C K , Peabody, F W, and Blumgart, H L The Effects of 
Pulmonary Congestion on the Ventilation of the Lungs, J Exper Med 35 77, 
1922 
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congesti-ve failure is likewise in accoid with the “backward failure” 
hypothesis In our study obseivations of venous pressure were not 
made, but the vital capacity (in contrast to the cardiac output) was 
found to exhibit consistent alterations as the clinical condition changed 

The results which have been obtained by the injection method are 
in accord with the “backwaid failuie” theoiy Hamilton, Moore, Kins- 
man and Spurhng found that the disappearance of congestive failure 
was associated with a decrease in the volume of blood in the heart and 
lungs In their patients with caidiac asthma Weiss and Robb reported 
an increase in the degree of pulmonai}' congestion as the most charac- 
teristic functional change during the attack 

Probably the most significant evidence in fayor of the “back pres- 
sure” theoiy is to be encountered at the necropsy table The majority 
of patients dying with cardiac failure show abnormalities of both sides 
of the heait and have congestion m both the pulmonary and systemic 
vasculai beds However, edema and congestion of the lungs, when 
occurring alone, aie found in conjunction with lesions of the left side 
of the heart, wheicas congestion and edema limited to the systemic 
circulation are encountered in persons with disorders of the right side 
Cases illustiating the clinical picture produced by the failure of only 
one side of the heart have been reported b}'’ Robinson and Burwell 

Is there any evidence against the validity of the “backward failure” 
h}pothesis’ Ceitain authors behe\e so, their obser\ations being based 
on the idea that this theor} m\olves the assumption of regurgitation 
thiough the auriculoventiiculai ^al^es However, a rise in pressure in 
the auricles may take place w'lthout leakage through these orifices The 
investigations of Starling and his co-w'orkers sho\ved that dilatation 
IS the physiologic i espouse of the heart to an increase in w'ork, injur)’-, 
fatigue 01 a decrease in its supply of oxygen When produced by 
fatigue, dilatation is associated wuth less complete s)Stohc discharge and 
with an inciease in the residual blood The w^alls of the heart are dis- 
tensible, but their distensibility is limited, and as they become stretched 
beyond a certain point a greater force is required to produce further 
stretching When dilatation of the ventricle has reached this point, 
residual blood accumulates in the auricle until the pressure gradient 
between the two cavities has been reestablished at a higher level Hence, 
dilatation of the ventricle, if of sufficient degree, may ofter resistance 
to its diastolic filling Under such conditions blood accumulates in 
the auricle, and wheij the latter chamber becomes sufficiently distended 
the inti a-aui icular pressure and \enous pressure increase Dining the 

23 Robinson, G C , and Burwell, C S A Mechanism of Heart Failure, 
Tr A Am Physicians 43*49, 1928 

24 MacKenzie and Lewis 
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period in which lesidual blood accumulates in the cavities the cardiac 
output IS necessarily decreased by perhaps a few cubic centimeters per 
day If by “diminished output” one means such a sequence of events, 
the hypothesis is correct Actually, however, the theory has been held 
to imply a progressive diminution m the supply of blood to the tissues 
as congestive failure develops, and an increase in the blood supply with 
improvement The data which we have presented show that the “dimin- 
ished output” theoiy, when applied m this connection, is erroneous 

Similaily, the “back pressuie” theory is probably incorrect if it pos- 
tulates regurgitation through the aunculoventricular valves However, 
if It IS employed to indicate a rise in pressure in the veins “back” of 
the failing cardiac chamber as a result of dilatation and consequent 
resistance to inflow, the available evidence appears to support the theory 

The following description of the mechanism of congestive heart 
failure, which was written by James Hope ® a century ago, appears to 
be applicable at the present time 

As an obstacle to the circulation operates on the heart m a retrograde direction, 
the cavity situated immediately behind it is the first to suffer from its influence 
Accordingly, all the impediments seated m the aorta, its mouth, or the arterial 
system, act primarily on the left ventricle, which being likewise exposed to the 
heaviest burden when the circulation is accelerated, has to conflict against a greater 
variety of exciting causes of hypertrophy than any cavity of the heart On this 
account, therefore, as well as from the thickness of its parietes, it is subject to 
hypertrophy in a greater degree than any other 

So long as the left ventricle is capable of propelling its contents, the corre- 
sponding auricle, being protected by its valve, remains secure Hence, in a large 
proportion of cases, the auricle is perfectly exempt from disease, while the ventricle 
IS even enormously thickened and dilated But when the distending pressure of the 
blood preponderates over the power of the ventricle, its contents, from not being 
duly expelled, constitute an obstacle to the transmission of the auricular blood 
Hence the auricle becomes over-distended, and the obstruction may be propagated 
backwards through the lungs to the right side of the heart, and there occasion 
the same series of phenomena When the obstruction thus becomes universal, as is 
frequently the case, it may either happen that all the cavities are thickened, or those 
only which, from their conformation, have the greatest predisposition to it 

25 In order to avoid misunderstanding, this statement should be amplified In 
patients with acute cardiac failure such as occurs, for example, in coronary throm- 
bosis, diphtheritic myocarditis and in certain instances of paroxysmal tachycardia, 
the phenomena of circulatory collapse (weakness, unconsciousness, thready pulse, 
diminished blood pressure, etc ) are in all probability to be ascribed to the diminu- 
tion in cardiac output, for these manifestations occur m other types of acute circu- 
latory failure in which the cardiac output is diminished, such as hemorrhage 
However, the congestive phenomena, i e , diminished vital capacity, rales at the 
bases of the lungs and dyspnea (the results of failure on the left side) and venous 
distention, hepatic engorgement and edema (the results of failure on the right 
side), are not related to a diminution in the supply of blood to the tissues, but 
appear to be dependent on increased pulmonary and systemic venous pressure 
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When the mitral orifice is contracted, especially if the aperture be very small, 
the left ventricle, being msufficientli supplied with blood, is not stimulated to its 
ordinary contractile action, and consequently becomes emaciated and occasionally 
flaccid or softened Meanwhile, the left auricle, having to struggle against the 
contracted valve in front, and also to sustain the distending pressure of the blood 
flowing in from the lungs, invariably becomes thickened and dilated The engorge- 
ment, extending backwards through the lungs to the right ventricle, often occasions 
Its hypertrophy and dilatation, under which circumstances, namely, hypertrophv 
of the right ventricle and contraction of the mitral valve, the lungs suffer in a 
preeminent degree for, being exposed to the augmented impulsive power of the 
right ventricle behind, and incapable of unloading themselves on account of the 
straitened orifice in front, their delicate and ill-supported vessels are strained 
beyond the power of resistance If, therefore, they cannot disgorge themselves 
sufficiently by a copious secretion of watery mucus, they effuse blood bv transuda- 
tion into the air-vesicles and tubes, and form the disease denominated ptilvwuat v 
apoplexy I have found this affection to occur more frequently under the circum- 
stances described, namely, great contraction of the mitral valve, with or even 
without, hypertrophy and dilatation of the right ventricle, than under aity other 

When the mitral orifice is permanently patcscent, so that, at each ventricular 
contraction, blood regurgitates into the auricle, this cavity suffers m a remarkable 
degree for it is not only gorged with the blood which it cannot transmit, but, m 
addition, sustains the pressure of the ventricular contraction Permanent patescence 
of the mitral orifice, therefore, constitutes an obstruction on the left side of the 
heart, and the effect of this, as of contraction of the orifices, may be propagated 
backwards to the right side The regurgitation is always considerable when it 
renders the pulse small and weak 

When the impediment to the circulation is primitively seated in the lungs, the 
right ventricle, situated immediately behind them, is the first to cpcpcrience its 
influence, and when the cavity is so far overpowered by the distending pressure 
of the blood as to be incapable of adequately expelling its contents, the obstruction 
extends to the auricle, — the process being exactly the same as that which I have 
already described above, in reference to the left ventricle and auricle 

SUMMARY AND CONCLUSIONS 

The cardiac output of patients tvith cardiac disease has been studied 
by the acetylene method, modified in such a way as to allow the detection 
of inaccuiate results 

The cardiac output per minute of patients with congestive heait 
failure is usually from 10 to 30 pei cent less than that of nonnal subjects, 
but may be wuthin the normal range Patients without circulator} dis- 
orders may have an equally low cardiac output The level of the cardiac 
output per minute, whether considered as such or in i elation to the 
metabolic rate, bears no relation to the presence or absence of congestive 
failure for 

1 The range and the average values of the cardiac output are similar 
for compensated and decompensated patients 

2 In a given individual, clinical' impi ovement and disappearance of 
congestive phenomena may be associated with an inciease, a deciease 
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01 no change in this function In general, the output of the heart pei 
beat tends to be somewhat less during congestive failure The metabolic 
rate is normal m some patients and elevated in others 

These observations are interpreted as indicating that the “foiwaid 
failure” (diminished output) hypothesis, which ascribes the clinical 
manifestations of congestive heart failure to an insufficient supply of 
blood to the tissues, is erroneous The “backward failure” (back pres- 
sure) theory has been discussed and it is concluded that there is much 
evidence in favor of it and no valid evidence against it 
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CLASSIFICATION AND TREATMENT ON THE BASIS OF DIFFERENCES 
IN THE AVERAGE VOLUME AND HEMOGLOBIN CONTENT 
or THE RED CORPUSCLES 

M M WINTROBE, MD, PhD 

BALTIMORE 

The classification of anemia has never been satisfactoiy Attempts 
have been made by various writers to classify the anemias according 
to the etiologic agents involved While this is probabl> the most desir- 
able method, a preiequisite is the discovery of the causative agent, which, 
m the light of the present inadequate knowledge and methods, is not 
always possible From the theiapeutic standpoint not only is it useful 
to know the cause of the anemia, but it is important to differentiate the 
anemias in accoi dance with the t\pe of disordei in the hematopoietic 
system Such a differentiation, howe\ei, is perhaps even more difficult 
at present than an etiologic classification 

As a consequence of this lack of a satisfactory classification, the 
differentiation in clinical piactice of the \arious forms of anemia is, 
as a general lule, carried out in an inexact, haphazard manner The 
discovery of the use of liver extract and the reemphasis of the value 
of large doses of iron preparations in the tieatment of certain types of 
anemia have accentuated this confusion, foi m the absence of clearcut 
methods of differentiation both Incr extiact and iron preparations ha\e 
come to be employed without disci imination 

OBJECT or THE PRESENT STUDY 

The present studies wcie undei taken because it vas thought that, 
if some relationship between moiphologic diffeiences m the led corpus- 
cles and fundamental pathologic distmbances could be discovered, a 
useful classification of the anemias might be evolved 

Preliminary measui ements ^ of the volume and hemoglobin content 
of the red corpuscles in patients with anemia indicated that it is possible 
to distinguish by these measuiements four groups of anemia namely, 

Read, in part, at a meeting of the Johns Hopkins Medical Society, Nov 13, 

1933 

From the Department of Medicine and the Medical Clinic, Johns Hopkins Uni- 
versity and Hospital 

1 Wintrobe, M M Classification of the Anemias on the Basis of Differ- 
ences in the Size and Hemoglobin Content of the Red Corpuscles, Proc Soc 
Exper Biol & Med 27 1071, 1930 
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macrocytic, normocytic, simple microcytic and hypochromic microcytic 
(table 2) These groups did not exhaust all the possible variations in 
the number, size and hemoglobin content of the red corpuscles which 
form the basis of the classifications suggested by Osgood ^ and more 
recently by Haden,® but represented the outstanding subdivisions 

The preliminary observations have been pursued with seveial objects 
m view It was first necessary to determine how correct were the oiigi- 
nal impressions and how mutually exclusive were these types of anemia 
Again, it was important to discover, if possible, the relation between 
the type of anemia and the natuie of the disturbance in the hematopoietic 
system Of interest m this regard would be the etiologic agents involved 
and the manner of response on the pait of the hematopoietic system 
as determined by a detailed examination of the blood Finally, it was 
important to observe the nature of the changes which take place in 
the mean voltime and hemoglobin content of the erythiocytes in each 
type of anemia in response to various kinds of treatment All this 
information would be useful in determining the practical value of the 
classification proposed 

In pursuance of these objects several thousand examinations of 
the blood have been earned out on more than 1,000 persons under a 
variety of circumstances and during the course of vaiious types of 
treatment The methods employed have alieady been described^ 

ACCURACY OF THE METHODS EMPLOYED 

The accuracy of the methods employed was detei mined by lepeated 
blood counts and hemoglobin and hematocrit determinations on single 
specimens of venous blood and on specimens of the same blood col- 
lected in several different vials The means, medians, standard devia- 
tions and coefficients of variation, with the probable errors, were 
calculated for each constant Eight experiments were carried out in 
this way. 

The variations m the results of these examinations were small The 
mean of all the coefficients of variation for the red cell count was 
0 64 per cent ± 0 107 , for hemoglobin, 0 9 per cent ± 0 125 , for volume 
of packed red cells, 0 59 per cent dr 0 092 , for mean coipuscular volume, 
092 per cent dr 0 092, for mean coipusculai hemoglobin, 1 07 per cent 

2 Osgood, E E Hemoglobin, Color Index, Saturation Index and Volume 
Index Standards, Arch Int Med 37 685 (May) 1926 

3 Haden, R L Clinical Significance of Volume and Hemoglobin Content 
of the Red Blood Cell, Arch Int Med 49 1032 (June) 1932 

4 Wmtrobe, M M (c) The Direct Calculation of the Volume and Hemo- 
globin Content of the Erythrocyte, Am J Clin Path 1 147, 1931, (b) The Size 
and Hemoglobin Content of the Erythrocyte, J Lab & Chn Med 17 899, 1932 . 
(c) Macroscopic Examination of the Blood, Am J M Sc 185 58 (Jan ) 1933 
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± 0 12, and foi mean corpuscular hemoglobin concentration, 1 06 pei 
cent ± 0 063 

The gieatest variation in each of the constants which can be attrib- 
uted to the technic alone can be lepresented by the mean coefficients 
of variation plus 3 times their standard deviations In no instance 
does this exceed 2 5 per cent This value may therefore be considered 
the maximum variation attributable to technic 

THE VOLUME AND HEMOGLOBIN CONTENT OF THE ERYTHROCYTES 

IN NORMAL PERSONS 

Data calculated from a number of carefully pei formed examinations 
of the blood aie summarized m table 1 It will be seen that, on the 
whole, the mean values available for \arious localities are m agreement 
The coi respondence m the values for the two sexes is icmarkably 
precise The data available for persons ovei 30 years of age are inade- 
quate, but they do not suggest that any significant change m the mean 
volume 01 hemoglobin content of erythrocytes occuis once adult life is 
leached It appears, then, that the means of all the values recorded in 
table 1, namely, 87 cubic micions foi mean corpusculai ^olume, 29 
micromici ograms for mean corpuscular hemoglobin and 34 per cent for 
mean corpuscular hemoglobin concentration, may be employed as the 
mean normal values for healthy adults of either sex 

My expel leiice suggests that the mean volume and hemoglobin con- 
tent of the red coipuscles correspond rigidly during health to the pattern 
charactei istic of the species However, individual differences are 
encounteied, and it is necessary to define, therefore, the limits of normal 
variation I have chosen for this purpose my onn lecent deteimina- 
tions on 86 men and 101 women, because tins lepresents a fairly 
homogeneous group of caicfully selected persons® The frequency 
distribution of mean corpusculai \olumc, mean coipuscular hemoglobin 
and mean corpusculai hemoglobin concentration m these persons is 
shown m chart 1 

As measured by the standaid de\iations recorded m chait 1, the 
mean volume of the red coi puscles would be ® between 82 and 92 cubic 
microns in 85 per cent of normal pei sons, the mean coipuscular 
hemoglobin, fiom 27 to 31 micromici ograms m 88 per cent, and the 
mean corpuscular hemoglobin concentiation, fiom 32 to 36 per cent m 
86 per cent The same data malce it possible to estimate the likelihood 
that any given value is abnormal and in this way to define mict ocytosis, 
macrocytosu and hypochromia The probability that a mean corpuscu- 

5 Wintrobe, M M Blood of Normal Men and Women, Bull Johns Hop- 
kins Hosp 53 118 (Sept ) 1933 

6 Dunn, H L Application of Statistical Methods in Physiology, Physiol 
Rev 9 341 (April) 1929 
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lar volume of 79 cubic microns lepresents an abnormall} low value 
(microcytosis) or that a volume of 95 cubic microns repiesents an abnoi- 
mall}'' high value (maciocytosis) is 49 1, and values of 75 and 99 cubic 
microns are, respectively, ceitainly indicative (1,999 1) of miciocytosis 

Table 1 — Siimmaiy of Available Accmate Data on the Volume and Hemoglobin 
Content of Erytluocytes tn Nonnal Blood* 


Age Locality 


Authority 


R 
O 
043 
U C5 
o 

E o 
m 


Men Women 

^ 


u 

a 

3 

u 


u 

u 

u 

o 

o 

o c, 



cs 

3 

o 


cs 

u 


*-< I 

,2 B 
» O 

Vi 

R 


tn m 

R a 

w 

O 



oi 

R 

cr 

R 

=1 

R 

a 

Sa^ 

a 

O 

u 

£*5 

O O 

(X 

O 

B c 
o o 

o 

O 

43 

P. 

O 

o 

R. 

O 

B 

o 

£■3 a 
go o 

o 

c7 

03} 

O 

3^ 

M 

O 

C3 

)> 

O 

(D 

o 

3 

Om-S 

a 

C3 

S 

n 

« O 

a S 

R 

a 

o g 

S 

u 

a> 

CQ 

R 

C3 

s 

R 

R 

R 

o 

a 

« o ^ 

R r; M 

« Sts 

o 

o 

o a 

u 

cu R 


n 

o 

O 

C 

0) 

R o R 

w 

> 



as 

ao 


> 



sw s 


18 30 

USA, East 

Wintrobe o 

60 

86 

29 

34 

70 

87 

29 

34 

18 30 

USA, Midwest 

Haden 

20 

92 

31 

34 

9 

93 

31 
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Osgood and Haskins 
(Arch Int Med 31) G43 
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29 
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Average for adults from 18 to 30 years of ago 

359 

86 3 

291 

33 6 

274 

87 0 

23 8 

331 

3159 

USA, East 

Wmtrobe ® 

5 

85 

29 

34 

20 

86 

29 

34 

3159 

USA, Midwest 

Haden 

20 

92 

31 

34 

3 

93 

31 

34 

3159 

USA, South 

Wmtrobe * 

4 

84 

28 

33 





31 59 

Denmark 

Gram and borgaard 

3 

85 

28 

33 

4 

80 

28 

33 

A^erage for adults from 31 to 59 years of age 

32 

89 2 

30 0 

33 8 

27 

86 8 

291 

33 9 

Over 60 

USA, East 

Wmtrobe ® 

4 

86 

30 

35 

2 

87 

30 

34 

Average for adults of all ages 

395 

80 5 

29 2 

33 7 

303 

87 0 

28 8 

33 4 


Average lor 698 adults of all ages and both se\es 86 7 29 0 33 0 


* Only data for which adequate information is supplic"’ and age and sex 

of persons examined are included Investigations in of the methods 

employed may be questioned have been excluded All values for volume of red cells are 
calculated to the volume m heparinized blood 


or maciocytosis Likewise, the piobability that the mean concentration 
of hemoglobin in the red corpuscles is abnormally reduced is great 
(37 1) when the concentration is 31 per cent, and hypochromia may 
be considered as certainly present (332 1) when the concentration is 
30 per cent 

It should be stressed, honever, that these statements are tiue only 
if the technic as outlined ' is rigidly followed 


7 Wmtrobe, footnote 4 b and c 
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PHYSIOLOGIC VARIATIONS 

In 01 del to gam some background against which variations in the 
volume and hemoglobin content of erythrocytes occurring in association 
with various modes of treatment in the anemias can be interpreted, 



Chart 1 — The mean corpuscular -volume, mean corpuscular hemoglobin and 
mean corpuscular hemoglobin concentration in 86 healthy men and 101 normal 
women S D indicates standard deviation , C V , coefficient of variation The 
position of the mean is indicated by the white line 

repeated examinations of the blood were made at one or two hour 
intervals in 10 persons and once a day for periods of from five to 
thirteen days in 8 persons These groups included not only normal 
persons but also untreated patients with diffeient illnesses and varying 
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degrees of anemia V ariations in the conditions under which the blood 
was collected weie arianged in order to imitate as fai as possible the 
conditions of time, rest, exercise, taking of food and degree of anemia 
which are encountered in the majority of patients on whom studies of 
the blood are earned out 

The results of these observations may be summarized by stating 
that tn iwimal peisom no fluctuations which were gi eater than could 
be attributed to technical variation were observed during a single day, 
but from day to day a slight variation, not exceeding 4 5 per cent, was 
noted These observations are m agreement with recent well controlled 
studies ® In untreated patients with anemia diurnal fluctuations which 
were beyond the limits of error were noted, and from day to day the 
variations were even greater There were individual differences in the 
degree of variation The maximum variation m mean corpuscular 
volume was from 6 to 7 per cent, m mean corpuscular hemoglobin from 
7 to 8 per cent, and m mean corpuscular hemoglobin concentration fiom 
5 to 6 per cent In most instances the variation was distinctly less than 
this 


VARIATIONS IN THE VOLUME AND HEMOGLOBIN CONTENT OF 
ERYTHROCYTES IN DISEASE 

To judge better the value of the morphologic classification of the 
anemias proposed m a preliminary report ^ the 464 cases of anemia 
which are here discussed have been separated arbitrarily in accordance 
with certain morphologic criteria® All cases in which the mean cor- 

8 (a) Rud, E J Le nombre des globules rouges chez les sujets normaux 

et leurs variations dans les diverses conditions physiologiques I L’lnfluence de 
I’age et du sexe sur le nombre des globules rouges, Acta med Scandinav 57 142, 
1922-1923, II Les variations du nombre des globules rouges dans les diverses 
conditions physiologiques, ibid 57 325, 1922-1923 (b) Smith, C Normal Varia- 

tions in Erythrocytes and Hemoglobin Values in Women, Arch Int Med 47:206 
(Feb ) 1931 (c) Smith, C , and Prest, M Further Observations on the Normal 

Variations in Erythrocyte Values in Women, Am J Physiol 99 562 (Feb ) 1932 
(d) Smith, C, and Kumpf, K The Effect of Exercise on Human Erythrocytes, 
Am J M Sc 184;*537 (Oct) 1932 (<?) Ponder, E, and Saslow, G The 

Aleasurement of the Diameter of Erythrocytes VI The Diurnal Variation and 
the Effect of Exercise, Quart J Exper Physiol 20 41, 1930 (/) Haden, R L 

Accurate Criteria for Differentiating Anemias, Arch Int Med 31 766 (May) 
1923 

9 It will be observed that in the succeeding pages reference is made almost 
exclusively to the mean corpuscular volume and to the mean corpuscular hemo- 
globin concentration When these two constants are taken into account, little atten- 
tion need be paid to the mean corpuscular hemoglobin, because alterations in the 
mean corpuscular hemoglobin tend to parallel those m the mean corpuscular 
volume, but are less marked tlian the latter Any differences between the two are 
indicated by alterations in the mean corpuscular hemoglobin concentration 
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puscular volume was greater than 94 cubic microns and the mean 
coipuscular hemoglobin concenti ation was 30 per cent or higher have 
been classed as macrocytic The cases in which, in the presence of 
vaiious grades of anemia, the mean corpuscular volume was between 
80 and 94 cubic microns and the mean corpuscular hemoglobin con- 
centration was 30 pel cent oi greater have been classed as normocytic 
Those instances m which the mean corpuscular volume was less than 
80 cubic microns and the mean corpuscular hemoglobin concentration 
was 30 per cent or higher have been placed in the simple microcytic 
group All cases m which the mean corpuscular hemoglobin concen- 
ti ation was 29 per cent or less, whether the mean corpuscular volume 
was gieatly or little i educed or even actually normal, have been classified 
as hypochromic The values found when the patients were first seen, 
before any therapy was instituted, were taken as representative of the 
type of anemia present 

In table 2 the four types of anemia arc schematicall} represented 
and their characters defined In table 3 the clinical diagnoses m the 
cases showing the several t\ pes of anemia are recorded 

Maaocytic Anemias — 1 Peinicious Anemia This is the outstand- 
ing example of the macrocytic type of anemia I have preMOUsly 
described the chaiacteristic altciations in the volume and hemoglobin 
content of the red coipuscles“ The obser\ations prcMOUsly recorded 
ha\e been amply confirmed by subsequent studies m a larger number 
of cases In table 4 correlation coefficients for all tbe observations on 
pernicious anemia are presented, and the regression coefficients for the 
mean corpuscular volume on the red cell count are recorded It will 
be noted that these regiession coefficients arc somcuhat different m 
the two sexes 

2 Othei Conditions Associated uith Glossitis and Diarrhea In 
several conditions m which glossitis and diarrhea \\ ei e outstanding symp- 
toms, maciocytic anemia 'was obser\cd The chief of these was non- 
tropical sprue The changes in the blood m 8 such cases seen in 
Louisiana have already been reported Macioc}tosis (mean corpuscu- 
lar volume, 95 cubic micions , subsequently, 100 cubic microns) was also 

10 It may be pointed out that the relative number of instances of the various 
types of anemia, and of the various diseases associated with them, does not, of 
course, represent their true incidence Cases have been selected for study according 
to their interest, and there is therefore a great disproportion in their relative 
numbers 

11 Wmtrobe, M M Hemoglobin Content, Volume and Thickness of the 
Red Blood Corpuscle in Pernicious Anemia and Sprue, and the Changes Associated 
with Liver Therapy, Am J M Sc 181 217, 1931 Wintiobe (footnotes 4b 
and 21) 
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found in 1 case of pellagra In this case, concomitantly with the 
administiation of a diet high in vitamins and especially supplemented 
with brewers’ yeast, the anemia disappeared and the mean corpuscular 
volume returned to normal A histamine test failed to demonstrate free 
hydrochloric acid in the gastric secretion 

In the 3 remaining cases of this group the changes in the blood were 
similar to those in pernicious anemia, but the clinical picture was 


Table 2 — Mo^ phologtc Classification of Anemias 
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* Hb indicates the quantity of hemoglobin in grams per thousand cubic centimeters of 
blood, Vol , the volume of pacLed red cells in cubic centimeters per thousand cubic centimeters 
of blood, R B O , the number of red cells in millions per cubic millimeter 

t + denotes increase, — decrease, 0 no change from the normal, 0 — no, or only slight 
decrease and +0 slight or no increase The amount of increase or decrease is indicated bj the 
number of plus or minus signs respectively 


unusual, the period of observation was short and a final diagnosis was 
not made Liver therapy was attempted in only 1 of these cases This 
was followed by clinical improvement, but only a slight decrease of 
the anemia occurred 

3 Disturbance of the Bone Marrow In this group of 8 cases the 
average led cell count on admission was 2,120,000 and the average mean 
corpuscular volume was 102 cubic microns In 1 of the cases of multiple 
myeloma the blood picture resembled that of pernicious anemia so closely 



Table 3 — Clinical Diagnoses and Aveiages of Blood Values in 464 Cases of 

Anemia of Vaiwits Types 


Type of Anemia and 
Tj pes of Cases 
Observ ed 


Clinical Diagnosis in 
Observed Oases 


Macrocytic anemias 
1 Pernicious Pernicious anemia 


anemia 

2 Glossitis and 

diarrhea 

3 Disturbance 

of the bone 
marrow 

4 Acute loss of 

blood 

5 Disorders of 

the liver 


6 Pregnancy 

7 Miscellaneous 


Sprue (8), pellagra (1), undetermined (3) 

Multiple myeloma (2), carcinomatosis of 
bones (1), Ijraphosarcomn of the ilium 
(1), acute IcuLcmla (2), sickle cell anemia 
(1), malignant neutropenia (?) (1) 

Peptic ulcer (3), abortion (2), familial 
angiectasia (1), scurv> (l) 

Cirrhosis (4), carcinoma (4), acute catar 
rhal jaundice ■nith achlorliydria (1), ars 
phenamine jaundice (1), amyloidosis (1), 
syphilis (1), hepatomegalj of undeter 
mined origin (C) 

Anemia with pregnancy 
Carcinoma of the stomach (1), sjphllis (?) 
of the stomach (1), abdominal pain of 
obscure origin (1), uremia (1), Addison's 
disease (1), imlarla inoculata (1), pern! 
clous anemia (?) without achlorhjdrla (1) 


Normocytic anemias 

1 Acute dcstruc Tertian malaria (S), cstKo niitumnal (3) 


tlon of blood 
(malaria) 

2 Acute loss of 

blood 
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phiila (2), purpura (2) 

Idiopathic (G), following arsphenamine (1) 

(a) Deukemia chronic mjclold (10), 
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(1) , tjphold mjclltls (1), ^e^cr (?) (1), 
splenic thrombosis (1), neuritis (1), 
dermatitis (1) 

Acute (2), subacute (1), chronic vascu 
lar (4), uremia (2) 

(a) Malignant process (stomach, lung, 
kidney, Ijinphosarcomn) (8), Hodgkins 

(2) , sjphllis (2), pellagra (3), Addison’s 
(2), mjxcdcma (l), doubtful (2) 

(b) Disorder of the liter carcinoma (1), 
clrrliosis (4), arsphenamine jaundice (2), 
amjloldosls (1), unexplained (4) 

“Phjsiologlc" anemia of pregnanej 
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infection following abortion) 

(c) Arthritis (chronic, infectious) 
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enteric glands, colitis, unexplained feter, 
perinephrltlc abscess, granuloma ingui 
nale, rheumatic fever) 
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diseases (c) Endocrine (Addison’s, Simmonds’, cx 
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4 Pregnancy “Physiologic" anemia of pregnanej 

Hypochromic microcytic anemias 

1 Chronic loss (a) Malignant process with loss of blood 
(carcinoma of the stomach, intestines) 

(b) Intestinal hemorrhage due to other 
causes (hemorrhoids, portal cirrhosis of 
the liver with loss of blood, peptic 
ulcer, etc ) 

(c) Uterine 

(d) Other eauses (purpura, papilloma of 

^ , the bladder, telangiectasia) 

2 Idiopathic (a) “Idiopathic hypochromic anemia" 

(b) Associated with pregnancy 

(c) Miscellaneous with hypertension (2), 
arthritis (1), amyloidosis ( 1 ), chlorosis 

„ _ , (?) (1), unclassified (6) 
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that this was the first diagnosis made In addition to the atypical symp- 
tomatology it was noted, however, that there was no poikilocytosis 
and that the icterus index was normal There was evidence of increased 
activity of the bone marrow, there being nucleated red cells, poly- 
chromatophilia and stippling, as well as a slight shift to the left m the 
leukocytes of the granular series Following the institution of liver 
therapy a reticulocyte response occurred, but the erythrocyte count 
failed to rise (chart 2 A) 

In 5 of the remaining 7 cases of this group (table 3) the finding 
of an increased mean corpuscular volume was confirmed b}’’ repeated 



Chart 2 — Macrocytic anemia Variations in the mean corpuscular volume and 
in the mean corpuscular hemoglobin concentration in multiple myeloma (A) and in 
acute posthemorrhagic anemia (5) All values except those for reticulocytes are 
charted as percentages of the respective average normals By this method the red 
cell count, the mean corpuscular volume, the mean corpuscular hemoglobin and the 
mean corpuscular hemoglobin concentration of a hypothetic normal person would 
fall on the line at 100 per cent R B C indicates red corpuscles , Retie , reticulo- 
cytes, CV, mean corpuscular volume, CHC, mean corpuscular hemoglobin 
concentration 


examinations In the case of lymphosarcoma of the ilium and m the 
case of malignant neutropenia only one examination was made The 
latter case was not typical of the Schulz syndrome and at autopsy there 
was evidence of widespread infection, focal necrosis of the liver and 
hyperplastic bone marrow There was active blood formation (poly- 
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chromatophilia, etc ) in the 6 cases in this group in which the erythrocyte 
count was below 3,000,000 Liver extract was given to 1 patient with 
acute leukemia and to the patient with sickle cell anemia, but no 
response occurred 

4 Acute Loss of Blood The average eiythrocyte count in these 
7 cases (table 3) was 2,250,000, while the average of the mean cor- 
puscular \olumes was 99 cubic microns The highest mean corpuscular 
volume was 103 cubic microns The macrocytosis in these cases was 
thus distinctly less than is found in pernicious anemia In all the cases 
the macrocytosis was discovered ivithin a few days following the loss 
of blood and befoie transfusion ^\as given In the 5 cases in which 
the erythrocyte count was below 3,000.000 there was obvious evidence 
of increased activity in the bone mairow in the form of polychroma- 
tophilia and nucleated red cells, as \\ell as a shift to the left of the 
myeloid leukocytes In 1 patient, who was allowed to reco\ er spontane- 
ously without transfusion, the macrocytosis gradually disappeared as the 
eiythrocyte count rose f chart 2B) 

5 Disorders of the Liver Eighteen cases of macroc 3 tosis and 
macrocytic anemia associated with disorders of the luer have been 
observed These cases include a \ariet} of hepatic diseases (table 3) 
The average erythrocyte count was 3,640,000, and the average of the 
mean corpuscular volumes 101 cubic microns The anemia m all these 
cases was relatively moderate The macrocytosis was as great as might 
have been expected in pernicious anemia Indeed, in 3 instances an 
increased mean coipuscular lolume was found, although the erythrocyte 
count was within normal limits The occurrence of spontaneous remis- 
sions in the anemia m these cases, the influence of liver therapy and 
other details aie discussed elsewhere 

6 Pregnancy In 1 of 4 instances of macroc}tic anemia associated 
with pregnancy hypochromic anemia of unknown origin associated with 
achlorh} dria changed dui mg pregnanc} to macrocytic anemia This case 
IS desciibed elsewheie^^ In another case macrocytic anemia was asso- 
ciated dm mg the fifth month of pregnane) with a fevei of obscure 
origin The lattei disappeaied and subsequent!) the anemia became less 
marked and the size of the cells letuined to normal In 2 other cases 
macrocytic anemia was observed near term, but in both instances it 

12 Wintrobc, M M, and Schumackcr, H S The Occurrence of Macrocytic 
Anemia in Association with Disorder of the Liver, Together with a Consideration 
of the Relation of This Anemia to Pernicious Anemia, Bull Johns Hopkins Hosp 
52 387 (June) 1933 

13 Wintrobe, M M , and Beebe, R T Idiopathic Hypochromic Anemia, 
Medicine 12 187 (May) 1933 
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was moderate Livei was administered, but unfortunately the patients 
could not be followed up It is known that their course was uneventful 

7 Miscellaneous In a case of carcinoma of the stomach slight 
anemia (red cell count 4,400,000) with macrocytosis (mean corpuscular 
volume, 99 cubic microns) was observed The patient died and no 
studies of the anemia could be made In a woman in whom the Wasser- 
mann reaction of the blood was positive, and who complained of vomit- 
ing after meals, and of weakness and sore tongue since the onset of 
the illness three months before, macrocytic anemia (red cell count, 
3,040,000, mean corpuscular volume, 105 cubic microns) was found 
No further studies could be made In another patient 2 attacks of 



Chart 3 — Normocytic anemia Variations in the mean corpuscular volume and 
m the mean corpuscular hemoglobin concentration m hemolytic anemia caused by 
malaria (tertian, inoculata) 


abdominal pain were each time associated with the development of 
macrocytic anemia (red cell count, 3,290,000, mean corpuscular volume, 
110 cubic microns) which disappeared spontaneously Exhaustive 
studies failed to reveal any abnormalities In a patient who died of 
uremia er}d;hrocyte counts of 2,300,000 and 2,110,000 and mean cor- 
puscular volumes of 100 and 109 cubic microns were found In the 
blood smear there were many macrocytes, marked poikilocytosis and 
some polychioinatophilia The gastric juice contained free hydrochloric 
acid Autopsy was not performed, so that no further clue with regard 
to the cause of the anemia was discovered In a case of Addison’s 
disease slight macrocytosis was repeatedly observed (red cell count, 
4,030,000, mean corpuscular volume, 98 cubic microns) Gastric 
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analysis showed hypochlorhydiia In a case of malaria moculata macro- 
c3d;osis developed as the anemia progressed (red cell count, 3,840,000, 
mean corpuscular volume, 99 cubic microns), but gradually decreased 
as the red cell count rose, and finally disappeared a month later The 



Chart 4 — Simple microcytic anemia Variations m the mean corpuscular vol- 
ume and m the mean corpuscular hemoglobin concentration in a case of chronic 
infectious arthritis (A), empyema (5), tuberculosis of the mesenteric glands (C), 
chronic hemorrhagic nephritis (£)) and lead poisoning (£) 

last member of this miscellaneous gioup is still under observation She 
may have pernicious anemia, although the gastric juice contains free 
hydrochloric acid 
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Normocytic Aneimas — 1 Acute Destruction of Blood (Malaria) 
Three patients with estivo-autumnal malaria and 9 patients treated b}- 
the inoculation of tertian malaria have been studied Six weie observ'^ed 
over periods varying from eleven to thirty-three days and 1 for four 
months (chart 4) In the latter daily observations were made for fift}' 
days The anemia produced in these cases was never extremely severe, 
the lowest erythrocyte count being 2,910,000 Except in the 1 case 
already mentioned no variations occurred in the mean size or hemo- 
globin content of the erythrocytes which were beyond the limits of 
normal The influence of liver extract and of copper was observed m 
only 1 case (chart 3) It is probable that the recovery from the anemia 
in this case was unrelated to the theiapy and entirely spontaneous 

2 Acute Loss of Blood In 13 cases in which the anemia was 
due to acute loss of blood no significant alteration in the mean volume 
or hemoglobin content of the red cells was noted The average red cell 
count was 3,380,000, the average mean corpuscular volume, 84 cubic 
microns, the average mean corpuscular hemoglobin, 29 micromicro- 
grams, and the average mean corpuscular hemoglobin concentration, 
35 per cent Several of these cases were observed during recovery from 
the anemia, and no macrocytosis was found at any time As a whole 
the anemia was less severe than m the group in which macrocytic anemia 
was observed, although there were 3 cases in which the erythrocyte 
count was below 3,000,000 It may be significant, however, that in none 
of these cases was there evidence of marked stimulation of the bone 
marrow 

3 Aplastic Anemia In 5 cases of idiopathic aplastic anemia, in 
spite of extreme anemia, no changes from the normal m the mean volume 
or hemoglobin content of the erythrocytes took place The average 
red cell count in these cases was 1,480,000 , the average mean corpuscular 
volume, 83 cubic microns, the average mean corpuscular hemoglobin, 
30 micromiciograms, and the average mean corpuscular hemoglobin con- 
centration, 35 per cent Likewise, in a case of aplastic anemia caused 
by arsphenamine the mean size and hemoglobin content of the erythro- 
cytes remained normal, although the erythrocytes fell to 1,580,000 Liver 
therapy was ineffective, but after a dramatic course, during which the 
patient contracted estivo-autumnal malaria and, when this had been 
successfully treated, had multiple abscesses in various muscles, regen- 
eration of the blood took place after fifteen transfusions, and the patient 
recovered During recovery the mean corpuscular volume rose to a 
maximum of 100 cubic microns 

4 Disturbance of the Bone Marrow In the leukemias the accurate 
determination of the volume of packed red cells, and consequently of 
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the mean corpuscular volume, is attended with some difficulty because 
of the great volume of leukocytes However, m most instances, if the 
filled hematocrit is allowed to stand foi several houis before centrifu- 
gation IS earned out, satisfactory separation of the red and white cor- 
puscles IS attained In 29 cases of leukemia of various types (table 3), 
in which red cell counts as low as 1,320,000 were found, the volume and 
hemoglobin content lemained consistent!}' within the limits of normal 
value, even in the most extreme cases 

To this group of conditions, in which some form of disturbance of 
the bone marrow was present, ma}' be added 4 cases of sickle cell anemia, 
2 cases of multiple myeloma and 1 case m which metastases to bone from 
carcinoma of the piostate gland were found The anemia in all these 
cases was associated with no alteration in the mean \olume and hemo- 
globin content of the erythrocytes, and m the 3 cases last mentioned no 
evidence of increased activity of the bone marro^\ was found 

5 Inflammatoiy Diseases In these cases (table 3) the anemia was 
moderate, the lowest erythrocyte count of the group being 2,620,000 and 
the average 3,880,000 As in the other cases of normocytic anemia, 
although theie were some diffeiences in the mean volume and hemoglo- 
bin content of the eiythrocytcs m the vaiioiis cases, these variations were 
all within the limits of the noimal Aalue 

6 Nephritis The lowest erythrocyte count in this group (table 3) 
was 2,910,000 and the average 3,560,000 The ^alues for the mean 
volume and hemoglobin content of the erythrocytes were all well within 
normal limits In several cases of chronic vascular nephritis treatment 
with liver or liver extract and ^\ ith iron \\ as attempted, but proved of no 
avail In a case of acute difluse glomerulonephritis prolonged treatment 
with iron was associated with a decrease of anemia, but it was impossible 
to determine whethei this was due to the therapy or was simply asso- 
ciated with the abatement of the attack of nephritis 

7 Chionic Noninflammatory Disease Nothing of inteiest with 
regal d to the anemia in these cases can be added to the data presented 
111 table 3 The detailed examination of the blood in these patients 
levealed fiom slight to moderate anisocjtosis and poikilocytosis, with 
no striking piedommance of either microcites or macrocytes and no 
evidence of increased eiythrogenesis In the majority of the cases 
the anemia was moderate, and m only 4 was the erythroc 3 'te count below 
3,000,000 cells 

8 Pregnancy In all the cases of anemia associated with pregnancy 
111 which no significant alterations m the mean volume and hemoglobin 
content of the erythrocytes were found the anemia was slight (table 3) 

Simple Mici ocytic Anemias — ^The changes m the blood in a variety 
of subacute and chronic ailments of inflammatory and noninflammatory 
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nature m which moderate micioc)tosis and little oi no hypochiomia 
were found are shown in table 3 The mean corpuscular volume m these 
cases langed between 70 and 80 cubic microns Rarely were smallei 
volumes observed The mean corpusculai hemoglobin concentration 
ranged from 30 to 36 per cent The details of the moiphologic changes 
in this type of anemia are too well known to lequire elaboration In a 
number of cases theiapy was attempted, but non and copper prepara- 
tions, liver and vaiious livei extracts seemed to be of equally little value 
as long as the cause of the anemia persisted (chait 4) 

Hypoch oimc Miaocytic Anemias — ^Anemia characterized by mod- 
erate or marked microcytosis and maiked hypochromia was consistently 
found m three gioups of cases, namely, those in which chionic loss of 
blood played a gieat role, an idiopathic gioup and cases of hookworm 
infestation The changes in the blood m all these cases were essentially 
similar In most instances the mean corpuscular volume was veiy low, 
many values langed between 60 and 70 cubic microns, while a few were 
less than 60 cubic microns The lowest value observed was 50 cubic 
microns The mean corpuscular volume, however, was not always 
greatly reduced, the severity of the anemia and therapy apparently being 
controlling factors In 2 exceptional cases, m which the anemia was 
severe (incomplete aboition, erythiocytes 1,040,000, hoolcworm infesta- 
tion, erythiocytes 1,080,000), the mean corpuscular volume was not 
low, as would have been expected, but actually 96 and 92 cubic microns 
respectively What seems to be the essential characteristic of the entiie 
group of cases is maiked hjpochromia The mean coipuscular hemo- 
globin concentration was fiequently 27, 28 or 29 per cent, not unusually 
25 per cent and m seveial cases as low as 21 per cent Such low values 
were never observed m any of the other classes of anemia described 
here 

Examination of the blood smeais m these cases revealed, m the 
severest cases, pale rmglike led coipuscles of all shapes and sizes A 
few were unusually large, but the majority were miciocytes Poikilo- 
cytosis was maiked Occasionally a bettei filled, peihaps polychromato- 
philic red cell could be seen, and sometimes nucleated red cells, usually 
microblasts The leukocytic picture varied, but frequently normal or 
reduced counts showing absolute granulocytopenia were found Blood 
platelets were usually piesent in about noimal numbers In the less 
severe cases the changes in the blood smear ere less marked, but pallor 
of the red cells was usually the most sti iking obser^^ation The mean 
values 111 the seveial groups of cases aie shovn m table 3 

1 Chronic Loss of Blood Little need be added concerning the 
anemias lesultmg fiom chionic loss of blood except m regaid to their 
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response to treatment In the cases associated with malignant processes 
the response to treatment either with liver or liver extracts or with 
iron was usually poor (chart 5B and C) , although sometimes a decrease 
in the anemia took place under treatment with iron preparations (chart 



Chart 5 — Hypochromic microcytic anemia Variations m the mean corpuscular 
volume and m the mean corpuscular hemoglobin concentration in cases of chronic 
loss of blood due to carcinoma of the colon (A), carcinoma of the stomach (B 
and C) and hemorrhoids (D) and in a case of idiopathic hypochromic anemia (£) 

5^) In the cases in which chronic loss of blood was the chief or sole 
disturbance, as in the cases of abortion, hemorrhoids, bleeding ulcer and 
hemorrhagic telangiectasia, good results were obtained even when the 
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cause of the loss of blood had not been treated Under the influence 
of large doses of an iron preparation the erythrocyte count rapidly rose, 
frequently to tempoiary polycythemic values, the mean corpuscular vol- 
ume rose, usually rapidly, to normal values, and the mean coipuscular 
hemoglobin and mean coipuscular hemoglobin concentration increased 
until, under persistent treatment, they reached normal values (chart 
SD) The administration of liver extracts effective in pernicious ane- 
mia, given orally or intramuscularly, and of desiccated hog stomach was 
ineffective in these cases, the action of copper was doubtful, and even 
the influence of liver extracts recommended for “secondary anemia” 
and of whole liver was, in comparison to that of large doses of an non 
pieparation, negligible 

2 Idiopathic Cases These cases (table 3) aie of special interest 
The majority of these, because of the presence of such symptoms as 
glossitis, paresthesia, koilonychia and achlorhydria as well as complaints 
characteristic of anemia in general, could be classed with the condition 
“idiopathic hypochromic anemia” described m detail elsewhere Cases 
of the same type particularly associated with repeated pregnancies are 
grouped separately m table 3 

In addition there were 10 cases which could not be classified defi- 
nitely Two of these patients were suffering from hypertension It 
is of inteiest that they were both women Gastric analysis was done 
only on 1 of these, but in this patient achlorhydria was found These 
cases may have represented the accidental association of two different 
conditions, namely, hypertension and “idiopathic hypochromic anemia ” 
In another of the 10 unclassified cases, hypochromic microcytic ane- 
mia was associated with chronic infectious arthritis Interestingly 
enough, in this case treatment with an iron compound was followed by 
a good response, although m othei cases of arthritis not associated with 
this type of anemia treatment was ineffective 

Another patient presented a clinical picture which was the nearest 
approach to true chlorosis that I have encountered Five cases Avere 
not adequately studied and could not be classified It is possible that, 
in several at least, undiscoveied loss of blood had taken place 

The response to theiapy in all these cases was the same (chart SE) 
as in the cases of hypochromic microcytic anemia caused by chronic loss 
of blood and is discussed in detail elsewheie^° The changes in the 

14 Whipple, G H , Robsclieit-Robbins, F S , and Walden, G B Blood 
Regeneration in Severe Anemia XXI A Li\er Extract Potent in Anemia Due 
to Hemorrhage, Am J M Sc 179 628 (May) 1930 

15 Beebe, R T , and Wintrobe, M M Effect on Idiopathic Hypochromic 
Anemia of Beef Steak (Hamburger Steak) Digested with Normal Gastnce Juice, 
Arch Int Med 52 464 (Sept) 1933 Wintrobe and Beebe 
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volume and hemoglobin content of the led corpuscles m these cases, 
m response to treatment with iron prepaiations, form an interesting 
contrast to the eftects of livei therapy in pernicious anemia Whereas, 
in the latter disease the mean corpusculai volume is closeh con elated 
inversely with the eijthiocyte count, in idiopathic hjpochromic anemia 
the ^olume of the cells is con elated with the hemoglobin, and there is 

Table 4 — Con elation Coefficients tn Ninctv-Foui Cases of Pcinicioits Anemia 


Determinations 


Olinrnetcrs 

/ 



s Se\ of Correlation 

Repression 

Correlated* 

Number 


Rind Patients Cocniclcnt 

Cocfllclcnt 

RBC nndOV 

3G7 

All 

M —0 7300 ± 0 01G3 


BBC andCV 

2S9 

R B C 

o\ er 2,000,000 M —0 SlOO ± 0 OIOS 

CV =1430— 11 OX BBC 

RBO nndCV 

294 

All 

r —0 csoo ± 0 0207 


RBC and C V 

233 

R B C 

0 \ cr 2,000,000 1 —0 7330 ±0 0103 

C V =130 — 10 < R B C 

Hb and C V 

3G7 

Ml 

M —0 4000 ± 0 0307 


Hb and C V 

200 

All 

1 —0 3200 ±0 0130 


Hb and C V 

G37 

All 

Both —0 40GO± 0 0201 


RBC and C C 

740 

All 

Both +0 0097 ±0 0244 


Hb andCC 

733 

Ml 

Both -»-0 2022 ± 0 022G 


CV andCC 

731 

Ml 

Both —0 1230 ± 0 0202 



* R B C indicates crj ttirocv to count in millions per cul)lc millimeter, 0 V , mean corpuscular 
\olumo in ctiblc microns, II1> , hemoRloblii In prams per hundred cubic centimeters, C 0 , mean 
corpuscular hcmoRlobln concentration (per cent) 


T\nir 5 — Conclation Cocffcicnis in Tzventy-One Cases of Idiopathic 

Hxpochi omte Anemia 


Number ol 


Characters 

Detormi 

Se\ ot 

Correlation 


Repression 

Correlated* 

nations 

Patients 

Coefllclent 


Coelllclcnt 

BBC and C V 

339 

r 

+0 1720 ± 0 033G 



Hb andCV 

330 

r 

+0 7520 ± 0 0139 

c\ 

= 2 C Hb -r 43 

BBC and C C 

33! 

r 

+0 4730 ± 0 028G 



Hb andOC 

347 

r 

LO S3O0 ± 0 0100 

c c 

= 104nb -1-19 

CV andCC 

339 

r 

+0 3130 ±0 0235 




* Abbrc\lation3 are the =amc ns lor table 4 


^el} little relation betw^een the numbei of red coipuscles and the size 
of the cells (tables 4 and 5, chait 6) Again, in pernicious anemia the 
con elation between the mean coipusculai hemoglobin concentiation 
and the number of erythrocytes or the amount of hemoglobin in the 
blood IS very slight, but in idiopathic hypochromic anemia this corre- 
lation IS high Especially close is the relation betw’'een the hemoglobin 
and the mean corpuscular hemoglobin concentration It is of interest that 
in both types of anemia the mean coipuscular volume and the mean 
corpuscular hemoglobin concentration aie i elated this correlation being 
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negative in pernicious anemia and positive in idiopathic hypochiomic 
anemia 

3 Hookworm Infestation The changes m the blood were the same 
as those desciibed in the discussion of the cases of anemia resulting 
from chronic loss of blood The response to treatment with iron prepa- 
lations was likewise similar This is of especial mteiest in view of 
the disagreement among ln^estlgators concerning the cause of hookworm 
anemia 



1 a 3 H s fe a M 6 8 10 la m 16 


Red Cell. Count, pertcu mn% f-fEir^ocLoeiN, e^por/oocc 

Chart 6 — ^The relation of the mean corpuscular ^olumc to the red cell count 
and to hemoglobin m pernicious anemia and m idiopathic hypochromic anemia In 
pernicious anemia there is a high correlation between the mean corpuscular \olume 
and the red cell count, in idiopathic hj'pochromic anemia between the mean cor- 
puscular volume and the hemoglobin The correlation coefficients are gnen in 
tables 4 and 5 

COMMENT 

Analysis of the obser^atlons recoided suggests that differences in 
the mean volume and hemoglobin content of the red corpuscles are 
associated with fundamentally different pathologic disturbances in the 
foimation of these corpuscles, and that the mean corpuscular volume 
and mean corpuscular hemoglobin concentration ma} be used as a clue 
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to the nature of this disturbance as well as to the type of therapy which 
may be expected to be effective 

The macrocytic anemias recorded in table 3 seem to fall into two 
groups Pernicious anemia and the othei conditions associated with 
glossitis and diarrhea, as well as the macrocytic anemias associated with 
pregnancy, form one group which is distinguished by a sti iking increase 
in the volume and hemoglobin content of the ei^throcytes and a ready 
response to liver therapy These piobably form, with celiac disease oi 
idiopathic steatorihea and the tropical anemia of Wills, as well as 
with the lare instances of carcinoma of the stomach which are asso- 
ciated with maciocytic anemia, a gioup of anemias which depend for 
their development on the absence of what ma} be called the X hemato- 
poietic principle This principle is presumably formed by the combina- 
tion of an unknown “extrinsic” substance and a substance secreted by 
the gastric juice The lack of the extrinsic factor in the diet (tiopical 
anemia defective gastric secretion of the intrinsic factor (pernicious 
anemia, lare instances of carcinoma of the stomach and peihaps also 
“pernicious anemia of picgnanc}” or defective absorption of the 
combined “mtimsic” and “extrinsic” factois (sprue celiac dis- 

ease [^] may lead to the development of macioc}tic anemia by 
causing a bieak in the metabolic chain 

The significance of the other instances of maciocytic anemia found 
in table 3 is less clear It has been suggested that the development of 
maciocytic anemia in ceitain cases of hepatic disordei ma} be due to 
faulty storage of the X piinciplc’" It is doubtful ^^hether the other 
two gioups of cases associated with macrocytic anemia which are shown 
in table 3 (conditions associated with disturbance of the bone marro^^ 
and several cases of acute posthemorrhagic anemia) should be classed 
with the cases of “tiue” macioc}tic anemia The macrocytosis in these 
cases was not as gieat as that which occuis in pernicious anemia, and 
in the cases in which liver therapy was attempted such treatment cer- 
tainly was not followed by the spectacular response which occurs in 
the “true” macrocytic anemias It is of inteiest that these same tuo 

16 Bennett, T I , Hunter, D , and V aughan, J M Idiopathic Steatorrhoea 
(Gee’s Disease) A Nutritional Disturbance Associated with Tetany, Osteo- 
malacia and Anaemia, Quart J Med 1*603 (Oct) 1932 

17 Wills, L Treatment of “Pernicious Anemia of Pregnancy” and “Tropical 
Anemia,” Bnt M J 1 1059, 1931 

18 Strauss, M B , and Castle, W B The Nature of the Extrinsic Factor 
of the Deficiency State in Pernicious Anemia and in Related Macrocytic Anemias, 
New England J Med 207 55 (July 14) 1932 

19 Strauss, M B , and Castle, W B Studies of Anemia in Pregnancy, Am 
J M Sc 185. 539 (April) 1933 

20 Castle, W B , and Rhoads, C P Aetiologj' and Treatment of Sprue in 
Porto Rico, Lancet 1*1198 (June 4) 1932 
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groups of cases are also lepresented, actually in greater numbers, in 
the normocytic group of anemias On the whole the cases associated 
with disturbance of the bone marrow and with acute loss of blood in 
which macrocytic anemia was found were more severe and levealed moie 
evidence of stimulation of the bone mariow than the cases of the same 
nature in which no significant alterations in the mean ^olume and 
hemoglobin content of the red cells occurred In view of the obsei- 
vation that in pernicious anemia reticulocytosis is associated with a 
temporary increase of macrocytosis and that the appearance of large 
numbers of reticulocytes significantly increases the mean size of the cir- 
culating red corpuscles in other types of anemia, it seems probable that the 
cases of acute loss of blood and of anemia associated with distuibance of 
the bone mariow m which maciocytic anemia was found were funda- 
mentally the same as those in which normocytic anemia was observed, 
differing only m that the anemia had become so marked and the stimu- 
lation of bone marrow so intense that some increase above the normal 
in the mean volume and hemoglobin content of the red corpuscles took 
place 

Judging by the natuie of the conditions under which noimocytic 
anemia was found, one might consider this type of anemia as developing 
through (1) sudden loss of blood, (2) acute destiuction of blood 
(malaria) and (3) lack of blood formation (aplastic anemia) In the 
first two instances no change m the red corpuscles found m the cii- 
culation would be expected to take place until stimulation of the bone 
mairow occurred It may be postulated that when this stimulation is 
only moderate, no change is observed in the mean volume and hemo- 
globin content of the red cells When it is maiked some macrocytosis 
may develop 

That the eiythrocytes which still remain in the circulation in aplastic 
anemia would be noiinal in size and hemoglobin content is to be 
expected, for the bone marrow in such cases is unable to foim new 
cells It is of interest that in the case of aplastic anemia in which 
recovery eventually took place the period of improvement was marked, 
as 111 the cases of acute posthemorrhagic anemia in which stimulation 
of the bone marrow was great, by the development of moderate macio- 
cytosis In the cases of anemia associated with distuibance of the bone 
marrow, normocytic anemia may likewise be expected, since the anemia 
in such cases may be due in a large measure to ciowding out of 
otherwise noimally functioning ei}throgenic tissue by leukemic or otbei 

21 Wintrobe, M M Relation of Variations in Alean Corpuscular Volume to 
Number of Reticulocytes in Pernicious Anemia The Significance of Increased 
Bone Marrow Activity m Determining the Mean Size of Red Corpuscles, J Clm 
Investigation 13 669 (July) 1934 
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infiltrative growths There is no deficiency in the X principle, as in 
the “true” maciocytic anemias, oi in non, as in the hypochromic micro- 
cytic anemias 

The remaining cases in the noimocytic gioup (those associated with 
inflammatory and noninflammatory diseases of laiious kinds, nephritis 
and piegnancy) aie very similai to cases of simple miciocytic anemia, 
the chief difference being that in the latter some microcytosis, usually 
only moderate m degree, developed The anemia in all these cases, which 
foim the gieatei piopoition of the so-called “secondary anemias,” is 
probably the result of impel feet fonnation of led cells brought about 
by the toxic influence of disease in geneial One may imagine such 
an influence to lead to physiologic hypoplasia of the bone marrow with 
the consequent development of noimocytic anemia or to cause imperfect 
erythiogenesis with the formation of led corpuscles somewhat smaller 
than noimal and yet moderately well filled with hemoglobin Therapy 
in this type of anemia is of little value without the removal of the 
cause,-- and its lecogmtion is important chiefly for tins reason 

The hypochromic microcytic anemias, like the “true” maciocytic 
anemias, form a cleaily defined group wdnch it is important to distin- 
guish The essential moiphologic chaiacteiistic of this group is a defi- 
nite and well marked decrease below normal in the mean corpuscular 
hemoglobin concentration This decrease is conditioned by a deficiency 
in hemoglobin which lesults from long continued loss of blood or, in 
some cases, probably by a defcctne absoiption of hemoglobin — building 
mateiial fiom the diet (idiopathic hypochromic anemia”) Defective 
diet may" possibly" lead to the same result The therapeutic effect of 
non in this type of anemia is as consistent and spectacular as is livei 
therapy in pernicious anemia and seems often to occur in the presence 
of the cause of the anemia Thus chionic posthemonhagic anemia may 
be temporarily lelieved by the administiation of large doses of iron 
even though the source of the loss of blood remains, and idiopathic 
hypochiomic anemia is readily treated in the same way although cessa- 
tion of tieatment is often followed by i elapse 

The relation of moiphologic diffciences m the red corpuscles to 
different types of disoider in the hematopoietic appaiatus w"hich has 
been outlined is summaiied in the classification of anemia presented in 
table 6 

The value of the classification proposed has necessarily" been limited 
heietofoie to the test of my" ow"n experience, and it is therefoie impos- 

22 Wright, G P , and Arthur, B The Influence of Liver Extract Effectne 
in Pernicious Anemia upon the Diameter of Erj^throcytes m Experimental Ane- 
mias, J Path & Bact 33 1017 (Oct) 1930 Murphy, W P, and Fitzhugh, G 
Red Blood Cell Size m Anemia, Arch Int Med 46 440 (Sept ) 1930 
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T\cie 6 — Classtficalwii of Anemias 


Corpuscular 
Corpus Hcino 
cular globin 
Volume, Oonecii 
Tjpeof Cubic tration, 

Anemia microns per Cent Cause 


I Macro 
cjtic 


>9^“ >'101 \ Dcficicncj of 

Castle’s anti 
anemic principle 


B Intense ncti\itj 
of bone marrow 


II Normo SO to 04 >S0 f Smldon loss 

cytic of blood 

B \cutc dcstruc 
tion of blood 
C Lack of forma 
tion of blood 


D IIj dremia (?) 


Clinical Sjndromt Treatment 


(1) Pernicious anemia 

(2) “Pernicious anemia’’ of 
pregnanej 

(>) In rare cases of 

(a) carcinoma of the 
stomach and other 
diseases of the stomach 
and intestines 

(b) total gastrectomy 

(c) pellagra 

(4) Tropical anemia of M ills 

(3) Sprue 

(C) Macrocj tic anemia of 
cchac disease 
(7) Macroc\ tie anemia of 
IKer disease (?) 

Conditions usuallj asso 
ciatcd with normoe\tic 
anemia (section II) 


Lit cr or In cr 
extract, or 
"extrinsic 
factor” if 
this alone is 
doflelent 


Transfusions 
and treatment 
of cause 


Transfusions 

Treatment of 
cause 

Attempts to 
stimulate 
formation 
of blood 


(3) Chronic inflammatort 
and nonlnflammatorj 
diseases 

“Pin siologlc” anemia of 
pregnanej 


\cuto posthemorrhagic 
anemia, c g , hcmolj tic 
anemia caused b> 
malaria 

(1) Aplastic anemia (idio 
pathic and sccondarj) 

(2) Conditions which dc 
crease amount of func 
tioning bone marrow, 

rr tonlnmin nortnlnctnc 


III Simple <80 
micro 
cytic 


>30 “Imperfect” for 
mation of blood 


Subacute and chronic 
mflammatorj diseases 
and chronic noninflam 
matory conditions 


Transfusions 
and treatment 
of cause 


rv Hjpo <80 
chromic 
micro 
cytic 


<30 De^cienc^ of iron, 
through 


Chronic posthemor 
rhagle anemia 


Iron in large 
doses 


A Loss of blood Hookworm anemia 


B Defcctnc diet J 


Diet deficient in foods 
containing iron 
Chlorosis (?) 


Correction 

cause 


C Defects eab 
sorption 


D Excessirede 
mands for Iron 
(repented 
pregnancies) 


f Idiopathic Inpocliromic 
anemia following total 
gastrectomy (some cases) 
J Sprue (some cases) 
Idiopathic steatorrhea 
(some cases) 
Ilypothroinic anemia of 
I pregnanej 


* The sign > indicates “greater than ” 
t The sign < indicates “less th in " 
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sible to predict whether all cases will come within the scope of the 
subdivisions proposed Furthermore its usefulness is also limited by 
the fact that when the degree of anemia is only slight, the alterations 
in the size and hemoglobin content of the red corpuscles may not be 
pronounced, thereby making it difficult to classify the anemia on these 
grounds Finally, cases of anemia caused b} more than one factor 
are encountered from time to time, and such cases present much diffi- 
culty in classification 

It IS obviously wise not to attempt classification of the anemia on 
the basis of a single examination of the blood, except in the more 
obvious cases Moreover, it must be emphasized that unless the technic 
described is painstakingly followed and great care taken to secure 
accuracy, this method of classification will be not only valueless, but 
actually misleading 

The fundamentally important and practical merit of the classification 
proposed is that it makes possible the leady difierentiation of pernicious 
and similar types of anemia which are effectively treated by liver therapy 
from those which are effectively treated with iron preparations and 
permits the separation of these from the t}pes of anemia in which 
neither liver nor iron, nor both combined, is of an> value 

SUMJtARY AND CONCLUSIONS 

Observations on the volume and hemoglobin content of the eiythro- 
cytes of more than 1,000 healthy and anemic persons are recorded and 
discussed under the heads of accurac) of the methods employed, normal 
values, physiologic variations and \anations m disease 

The anemias may, on the basis of differences in the mean volume 
and hemoglobin content of the led corpuscles, be subdivided into four 
groups Each of these groups appears to correspond to a fundamentally 
different type of disturbance m the hematopoietic apparatus 

Consequently the method of classification proposed is useful as an 
aid to diagnosis It facilitates also the separation of conditions m which 
liver therapy may be expected to be of value from those in which treat- 
ment with iron pieparations is successful, and distinguishes these two 
types of anemia from those in Avhich neither method of treatment can 
be expected to succeed 

J Walter Landsberg gave technical assistance 



PERNICIOUS ANEMIA 


PAKENTERAL TREATMENT WITH EXTRACTS PREPARED FROM DIGESTED 
EQUINE LIVER AND FROM SELF-DIGESTED STOM\CH 

ARTHUR E MEYER, PhD 

ROCKFORD, ILL 
AND 

OSCAR RICHTER, MD 

AND 

H LEGERE 

CHICAGO 

The piesence of an antianemic factor in hog stomach and its theia- 
peutic eifectiveness in the tieatment of pernicious anemia were discov- 
ered by Sharp ^ and Sturgis and Isaacs ^ The active principle present 
m stomach tissue was found to be thermolabile, and could not be 
exti acted by the method of Cohn, used in preparing liver extracts They 
further found that no therapeutic response was obtained when either 
the muscularis or the mucosa of the stomach was fed separately It 
was necessary to administer both in order to obtain the active piinciple 
This suggested that the interaction of an enzyme on protein, piesent in 
the whole stomach tissue, occuiied after the organ was removed How- 
evei, the observations of Castle,® that by the action of normal gastric 
juice on muscle meat the active factor was formed, and of Morns,"* 
that normal gastric juice contains this principle, indicated that the sub- 
stance was being formed in some way by normal gastric activity In 
a previous lepoit we® demonstrated that the activating principle stored 
in the liver was completely depleted during a relapse in patients with 
pernicious anemia 

From the Laboratories of the Chappel Foundation for Organotherapeutic 
Research, Roclcford, III , and Cook County Hospital, Chicago 

1 Sharp, E A An Antianemic Factor m Desiccated Stomach, JAMA 
83 749 (Sept 7) 1929 

2 Sturgis, C C, and Isaacs, R Desiccated Stomach in the Treatment of 
Pernicious Anemia, J A M A 93 747 (Sept 7) 1929 

3 Castle, W B Effect of Administration to Patients with Pernicious 
Anemia of Contents of Normal Human Stomach Recovered After Injection of 
Beef Muscle, Am J M Sc 178 748, 1929 

4 Morris, R S , Schiff, L , Burger, G, and Sherman, J E A Specific 
Hematopoietic Hormone in Normal Gastric Juice, J A AI A 98 1080 (March 26) 
1932, Hematopoietic Response in Pernicious Anemia Following Intramuscular 
Injection of Gastric Juice, Am J AI Sc 184 778, 1932 

5 Richter, O , Ivy, A C, and Kim, AI S 'Action of Human "Permcious 
Anemia Lner Extract,” Proc Soc Exper Biol 8c Med 29 1093, 1934 
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The question as to the nature of this substance became still more 
complex when it was shown by Walden and Clowes ° and by Fonts and 
Zerfas " that the pioduct of the interaction of liver or hvei extract 
and hog gastric tissue substantially increased the antianemic factor and 
Its theiapeutic potency Reimann® also repoited a maiked increase in 
the potency of livei digested in normal gastiic juice following stimu- 
lation with histamine On the other hand, Bainett and Thebaut® found 
that hvei oi liver extract digested in noimal gastiic juice was no more 
effective therapeutically than the equivalent amount of liver or hvei 
extract when given alone Similar experiments by Hclmer, Fonts and 
Zerfas demonstrated that subminiinal amounts of liver extract, when 
incubated with noimal gastric juice and fed daily to patients with per- 
nicious anemia, produced maximal ieticuloc}te responses 

On considering these facts, the question arises as to whether the 
increase in potency was due to the additue effects of liver and stomach, 
to a moi e complete exti action of livci pulp dui ing the process of diges- 
tion 01 to an actual multiplication of the active substances The work 
of Heiron and McEllro) further excluded the possibility of an addi- 
tive action of stomach and h\er, since they pixiied that aiitolyzed Iner 
was more potent than fresh h\er when given by mouth or parenterally 
in pernicious anemia The experience %Mth oral application makes it 
impiobable that the increased potenej of their preparation was due pri- 
marily to a moie effective extraction of the actne principle It is possible 
that the autolysis splits off the same products from liver as normal gastric 
juice, but that the usuall} anacid gastric juice of patients with pernicious 
anemia is unable to bring this about 

We have previously reported that complete hematologic remissions 
can be produced m patients with pernicious anemia {ollo^^lng injections 

6 Walden, G B , and Clowes, G H \ Pernicious Anemia Method 
Whercbi Therapeutic Efficacy of Lncr and Lncr Fractions May Be Substantially 
Increased, Proc Soc Exper Biol &: Med 29 873, 1932 

7 Fouts, P J, and Zerfas, L G Lner Gastric Tissue Preparations in the 
Treatment of Pernicious Anemia, JAMA 101 188 (July S) 1933 

8 Reimann, F Med Klin 27 880, 1931 

9 Barnett, C W , and Thebaut, W M Treatment of Pernicious Anemia 
with Digested Liver, J A M A 99 556 (Aug 13) 1932 

10 Helmer, O M , Fouts, P M , and Zerfas, L G Increased Potency of 
Liver Extract by Incubation with Human Gastric Juice, Proc Soc Exper Biol & 
Med 30’ 775, 1933 

11 Herron, W F , and McEllroy, W S The Use of Autolyzed Liver m 
the Treatment of Pernicious Anemia, JAMA 100 1084 (April 8) 1933 

12 Meyer, A E , Richter, O , and Ivy, A C Pernicious Anemia Treatment 
with Equine Liver Extract Injectible Either Subcutaneously or Intravenously, 
Arch Int Med 50 538 (Oct ) 1932 , Further Observations in the Treatment of 
Pernicious Anemia with Parenteral Horse Liver Extract, Ann Int Med 7 353, 
1933 
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of puiified equine Iner extiact In a senes of fift}Mnne patients studied 
It ^\as found that an a\erage of fiom one to t^^o ampules (one ampule 
containing 2 5 cc or 25 Gm of equine li\er) injected subcutaneous!} 
each da} was necessai} to pioduce a maximal leticulocyte response The 
injections of two amjmles a da}'- were usuall} requiied in patients with 
complications 

The pin pose of this study w'as to determine, if possible, whether by 
ti eating equine liver w'lth stomach tissue one could obtain a predigested 
liver extract suitable for injection and w'lth inci eased potency as com- 
paied W'lth standard equine liver extiact Clinical tests weie also made 
W'lth an extiact suitable foi injection prepaied fiom the mucosa of hoise 
stomach The method employed m prepaiing this extiact w'as similai 
to that employed by Cohn m piepaimg livei extiact If such a piepa- 
lation should be proved potent, the conception that the piincij^les 
present m hvei and stomach aie identical, at least as to then chemical 
natuie, w'ould lecene consideiable support Gebhaidt and Caiio^^ 
obtained reticulocyte i espouses, but without any appaient inciease in 
hemoglobin and eiythiocytes, by the injection of an extiact j)iepaied 
fiom digested beef Donati and his associates^* lepoited complete 
blood 1 emissions m two patients treated w'lth a diluted extiact lepre- 
senting 0 3 Gm of stomach pei cubic centimeter, but the method of 
piepaiation w'as not gnen 

PRIIPARATIOX OF LXTR\C1S 

Pj cdtgistcd Livti Extiact — Twciit}-fi\e pounds (11 34 Kg) of horse Iner and 
5 pounds (2 27 Kg) of stomach mucosa from the horse w'cre ground finely and 
mixed with 9 liters of w'ater, and In'drochlonc acid w'as added to bring the pn to 
4 7 This was allowed to stand from three to four hours at a temperature of 40 C , 
then heated to 82 C to precipitate proteins and pressed out, and the liquid w'as 
filtered The pn of the resulting liquid was 6 The w'ater-soluble extract was then 
fractionated w'lth alcohol, approximate!}' as in Cohn’s method for preparing 
fraction G The ^arlous steps of purification connected w'lth the elimination of 
mostly hea\} precipitates carry a certain loss of actnit}, and extraction is further- 
more incomplete because some of the liquid remains in the residue On account 
of this difficult\ the residue in every step was weighed, and the content of liquid 
determined Taking into account the ^olume of liquid which was obtained from 

13 Gebhardt, H, and Cano, R Die Wirkung \on Magensaft und einigen 
Vcrdauungsproducten auf Reticuloc}ten Zahl und Blutregeneration, Deutsche nied 
Wchnschr 58 726, 1932 

14 Donati. A iMangmelli L, and Tramonti E Parenteral Treatment with 
Stomach Extract in Pernicious Anemia !Miiier\a med 2 6 (Tulv 7) 1931 Re\ 
Slid -am endocrinol 15 598, 1932 

15 Cohn E J , klinot, G R , Fulton, J F , Ulrichs H F Sargent F C . 
Weare, T H, and ^lurpln P J Biol Chem 74. lxix, 1927 Cohn, E J , 
Minot, G R , Alles, G A , and Salter, W I The Nature of the Material in 
Ewer Effectue m Pernicious Anemia J Biol Chem 77 325. 1928 
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the residue, the relative yield in each step could be calculated, and later the total 
yield of preserved activity was found by the multiplication of these values In 
this way it was possible to determine how much raw material was represented in 
the final fraction 

The final precipitate, representing 46 per cent of the luer employed, or 522 Kg, 
was then dissolved in a convenient amount of water, and a phosphate buffer was 
added in order to make the solution isotonic and to adjust the pn of the finished 
product to 6 7 

On account of the high concentration of split protein products, the determination 
of pn by both the indicator and the quinhydrone method is unreliable The apparent 
value of 6 7 was found to give a rather painless injectible material The potency 
of the extract was then standardized so that 1 cc of the extract represented 
10 Gm of liver and 2 Gm of stomach mucosa, to which 0 4 per cent of cresol 
was added as a preservative The solution was then heated for a short time at 
100 C , filtered and sealed m ampules The dry residue in this predigested extract 
was 18 8 per cent as compared with 5 per cent in the standard undigested equine 
liver extract prepared by the same method 

Injccttble Eitta^f ftoin SioDiach Mucosa — Twentj pounds (9 07 Kg) of horse 
stomach mucosa was ground and mixed with 6 liters of water and sufficient hjdro- 
chloric acid to make a pa of 4 7 This mixture was then heated to between 38 
and 40 C for four hours under constant stirring The temperature was then 
raised to 82 C, after which the pn had changed to 5 5 A solution of sodium 
hydroxide was added until the pn w'as brought up to 6 5 The residue W’as pressed 
out and discarded The filtrate w'as verj thick, and represented 79 per cent of the 
raw material Fiactionation was then carried out by the method used m the 
preparation of the predigested luer extract The final precipitate corresponded to 
6 6 Kg , which represented about 72 8 per cent of the original stomach tissue The 
precipitate was dissolved m water to a total volume of 600 cc , so that 1 cc repre- 
sented 11 Gm of stomach mucosa A phosphate buffer was added, and the pn was 
adjusted to 6 9 by the bromthyniol blue method, which gave a reading of 7 05 by the 
quinhydrone electrode method The final residue m this extract w'as 13 per cent, to 
wdiich 0 4 per cent of cresol w'as added as a prcscriatne The solution w’as then 
heated for a short time at 100 C , filtered and sealed in ampules 

Preliminary animal and laborator\ tests w'cre made to establish the safety of 
this material for parenteral administration Its sterility was tested by culture 
The absence of anaphylactic effects was showm on guinea-pigs Irritating qualities 
were found to be absent by subcutaneous injections into rabbits Intrarenous 
injections into rabbits produced no visible reaction The vasodepressor action, 
measured by the assay of blood pressure on dogs, showed no significant histamine- 
like fall m blood pressure 


CLINICAL AND EXPERIMENTAL OBSERVATIONS 

Eight patients tvith pernicious anemia -were studied Daily reticulo- 
cyte counts were taken during the expected pei lod of maximal response 
Complete examinations of the blood weie made at five day inteivals 
throughout the entiie peiiod of tieatment 

We had previously detei mined that daily injections of one ampule 
(2 5 cc or 25 Gm of equine liver) of standard liver extiact were neces- 
sary to produce a maximal i eticuloc 3 d;e response and a piompt 
hematologic remission m patients with pernicious anemia wnthout com- 
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plications Theiefore, in older to ascertain the relative potency of 
predigested livei extract to standaid equine liver extracts, a compaiative 
study was made on patients who weie given subminimal doses of pie- 
digested liver extract Three patients (cases 1, 2 and 3) were given 
injections of predigested hvei extract at two day inteivals A maximal 
reticulocyte i espouse of 32 2 per cent was obtained in case 1 on the 
eighth day, of 25 2 per cent in case 2 on the eighth day 
and of 31 6 per cent in case 3 on the seventh day In addition. 

Table 1 — T/ie Response of Sir Pahents with Peimcioiis Anemia to Subcutaneous 
Injections of Pt edigested Equine Liver Extract 


Maximal Total 

Eeticu Hemoglobin Red Blood Cells, No of 
Treat- locyte % (Sahll) Millions Injec 

Case, ment, Count, , —• ,, * , tlons. 

Patient Age Relapse Days per Cent Before After Before After 2 5 Cc Comment 


It 

L D 

51 

1 

44 

32 2 

35 

83 

2t 

J Me 

64 

2 

39 

25 2 

29 

83 

3t 

E J 

72 

3 

63 

316 

36 

81 

4t 

M 0 

4S 

1 

40 

26 4 

19 

70 

5t 

P M 

59 

2 

73 

27 6 

22 

80 

6§ 

E K 

47 

1 

16 

57 2 

16 

60 


130 

4 45 

22 

Involvement of 
posterior columns 
improved at the 
end of treatment 

1 11 

4 15 

19 

Marked mental 
improvement 

126 

4 11 

32 

In stupor when ad 
mitted, with ex- 
treme emaciation 
and spastic paral 
ysis 

0 69 

3 55 

40 

In stupor when ad 
mitted, left before 
end of treatment 

0 01 

4 48 

73 

Moribund when ad 
mitted, inconti- 
nent, intermittent 
attacks of severe 
diarrhea through 
out treatment 

0 64 

3 02 

19 

Still on treatment 


* The standard dosage was one ampule of predigested equine liver extract (2 5 cc ), nhich 
represented 25 Gm of liver and 5 Gm of stomach mucosa 

t Received one ampule every two days 
t Received one ampule daily 

§ Received two ampules daily during the period of maximal reticulocyte response and then 
one daily 


prompt remissions and excellent clinical recoveiies were obtained 
It was apparent, at least in these three patients, that the effect from 
predigested liver extract given every second day was identical to that 
produced m patients receiving daily injections of standard equine liver 
extract 

Since It was frequently necessary to give injections of two ampules 
(50 Gm of equine liver) a day of standard liver extract to patients 
with complications, comparative studies were made of the reactions of 
two patients having intractable diarrhea and advanced degeneration of 
the spinal coid to daily injections of predigested liver extract Case 4 
(table 1) showed a reticulocyte i espouse of 26 4 per cent on the sixth 
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day and case 5 (table 1) a reticulocyte i espouse of 27 6 pei cent on 
the seventh day Satisfactoiy gams m the hemoglobin content and 
erythiocyte count weie also obtained during the peiiod of treatment 
It is difficult to diaw any definite conclusions from the observation of 
these two patients as to the relative potency of piedigested equine hvei 
extiact, as it is known that the livei lequirement vanes in individual 
patients with peimcious anemia, paiticularly m those with complications 
One patient (case 6, table 1), a white man, 47 years of age, entered 
the hospital with a complete relapse and m a semistuporous condition 
On entiance the hemoglobin determination was 16 per cent (Sahh) and 
the eiythrocyte count 640,000 Because of the patient’s poor condition 
two ampules of piedigested livei extiact were admimsteied daily A 
ieticuloc34c i espouse of 57 2 pei cent was obtained on the sixth da} 
of theiapy (table 2) At the end of seventeen da\s of treatment, the 


Tablf 2 — Rcticulocylc Ri<:poit^c to Injections of Piedigested Liver Extiact in 

Case 6 


Dajs of 

Jlcmofrlobin, Ilctl Blood CcllSi 

Bctlculocvtc:, 

Trentmeut 

ro (Snhll) 

Aimions 

per Cent 

1 

IC 

OGl 

10 

2 



02 

o 



4 4 

4 



7C 

') 



23 0 

f) 

27 

1 07 

57 2 

7 



70 

8 



42 

0 



2-2 

12 

m 

2 S') 

0 

17 

CO 

3 02 

0 


hemoglobin content Avas 60 pei cent (Sahh) and the erythrocyte count 
3,020,000 The therapeutic i espouse produced m this patient surpassed 
any }et obtained by a similai amount of standard equine hvei extract 
The mjectible extract piepaied from hoise stomach mucosa Avas 
admimsteied to tAvo patients Avith uncomplicated peimcious anemia, both 
entering the hospital aftei then second i elapse Patient L B (chait 1) 
leceived one ampule a day of stomach mucosa extiact (2 5 cc =5 Gm ), 
and although a leticulocytc i espouse of 14 pei cent Avas obtained on the 
fifth day, theie Avas no mciease m the hemoglobin or eiythrocyte count 
during seA'^enteen days of tieatinent One ampule of standard liA'ei 
extiact (2 5 cc =25 Gm of equine iiA'ci ) A\as then injected daih, and 
a second leticulocyte response of 8 6 per cent occuired, but still theie 
was no inciease in the eiythiocyte count and only a slight elcA^ation in 
the hemoglobin content at the end of seA^en days Predigested Inei 
extiact Avas then substituted, one ampule (2 5 cc = 25 Gin of hvei 
and 5 Gm of stomach mucosa) being given daily A thud, but oiiIa 
model ate leticulocyte i espouse (3 6 pei cent) Avas obtained on the sev- 
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eiith day, but theie was remarkable increase in the hemoglobin content 
(from 25 to 50 per cent, Salili) and in red blood cells (fiom 1,230,000 
to 2,410,000) at the end of fifteen days of treatment 



Chart 1 — Blood changes in a case of pernicious anemia during periods of daily 
injections of digested stomach extract, standard liver extract and predigested liver 
extract 



Chart 2 — Blood changes in a case of pernicious anemia during periods of daily 
injections of digested stomach extract, standard liver extract and predigested 
liver extract 

A similar expeiiment was earned out on patient J B (chait 2) 
Although the maximal reticulocyte response of 13 per cent was obtained 
on the third day of treatment with standard liver extract, the gieatest 
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increase m the hemoglobin content and eiythrocyte count was noted while 
the patient received daily injections of predigested liver extract 

Because of the vai-}ing i espouses of patients with pernicious anemia 
when treated with preparations containing the antianemic factor, the 
problem of determining accurately the potency of the active principle 
presents great difficult}'- Therefoie, we feel that only comparative 
studies of these extiacts can be presented in this papei 

CONCLUSIONS 

1 An injectible extiact with increased potency was prepared from 
the interaction of hoise liver and hoise stomach mucosa (2 5 cc =25 
Gm of horse liver and 5 Gm of hoise stomach mucosa) 

2 An extiact prepared from hoise stomach mucosa (2 5 cc =27 5 
Gm of horse stomach mucosa), when injected into patients with perni- 
cious anemia, produced a modeiate reticuloc} tosis, but no increase in 
the hemoglobin content and er} tin oc} te count 



CURABILITY OF HAY FEVER AFTER PRESEASONAL 

POLLEN TREATMENT 


I CHANDLER WALKER, MD* 

BOSTON 

111 a previous article I reported a series of 100 patients apparently 
cured after preseasonal treatment for pollen hay fever They 
were treated for varying periods during the inteival from 1919 to 1925, 
inclusive, and were followed up for two or more years after the cessation 
of treatment The present article reports a second series of 90 patients 
who were treated preseasonally for various periods during the interval 
from 1923 to 1930 and who have been followed up for three or more 
years since the cessation of treatment The records of these 90 are 
presented in tables 1 and 2 Table 3 shows the inadvisability of stopping 
treatment too soon Finally, in table 4 are presented statistics computed 
fiom all the patients treated preseasonally during the interval from 1919 
to 1930, including those leported m the foimer article, as well as those 
of this series 


METHOD AND MATERIALS OF TREATMENT 

As a rule the patients were treated at weekly intervals, and the few who were 
not were treated at five day intervals No shorter intervals between treatments 
were used In most of the cases the treatment was entirely preseasonal, 
usually beginning about fifteen weeks previous to the expected onset of symptoms 
In a few instances when patients presented themselves two or three weeks late, 
one or, rarely, two inoculations were given after the onset of symptoms , thus no 
patients in this senes were given what is termed dunng-the-season treatment In 
all instances careful cutaneous tests were performed with the various dilutions of 
the causative pollens in order to determine with what dilution or strength of 
pollen extract treatment should be begun This was most important since without 
this test some patients would be given too strong treatment at the start, resulting 
in reactions, and others would be given unnecessarily weak treatment Without 
the graduation tests there is no definite plan of treatment Tests with the gradu- 
ated pollen dilutions are a guide in determining the successive increases in dosage 
It IS evident that the results from commercial pollen extracts, which are dispensed 
with the same schedule of treatment for every one, are not comparable to the 
results obtained by those who make careful tests or to the results presented in this 
paper 

Pollens Used for Tieatment — In New England patients with hay fever are 
more fortunate than those in other parts of the country because the hay fever- 
producing flora IS limited The variable changes in the weather and frequent rain> 
days in the spring alleviate the sufferings of those subject to tree hay fever to 
such an extent that treatment seems unnecessary In the late spring, during May 

* Associate in Medicine, Peter Bent Brigham Hospital 
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and early June, depending on the seasonal weather, only in rare cases does the 
pollen of June grass cause sufficient hay fever to justify treatment In a few other 
cases the pollen of June grass causes symptoms for three weeks, but treatment is not 
essential Lawn grass and orchard grass cause irritation during June, but the 
former is short, so that close contact can be avoided fairly well, and the latter 
IS prevalent only in small and scarce plots The two grasses which cause prac- 
tically all the hay fever in New England are red top and timothy, both of which 
may pollinate from early June to late Julj In my experience sufficient treatment 
with an extract of the pollen of timothy protects against exposure to red top pollen 
Therefore, all the patients with hay fever in early summer presented here and m 
the former article ^ were treated with an extract of timothy pollen alone, patients 
otherwise treated are not included 

In the late summer or autumn the New England plants producing hay fe\er 
are even more limited, since the dwarf or small ragweed is responsible for prac- 
tically all the hay fever with the exception of some giant ragw'eed m Connecticut 
Therefore, in this and the former study all the patients w'cre treated w'lth an extract 
of small ragweed pollen The results presented are not comparable to those 
obtained with commercial pollen extract since the commercial extracts are mixtures 
and since some of the ingredients are not needed in this locality Neither are the 
results comparable with those obtained in other parts of the countrj because there, 
owing to the \arietj of causatne pollens, mixtures of pollens must of necessitv 
be used 

Prcpaiation of Pollen Extracts — One giam of the dried pure pollen is extracted 
for twenty-four hours in 88 cc of physiologic solution of sodium chloride, after 
w'hich 12 cc of absolute alcohol is added and extraction continues for another 
twenty-four hours With each extraction the mixture is sliaken for an hour, the 
remainder of the extraction is carried on in an icebox To the clear extract phenol 
is added to make the solution 0 25 per cent This stock solution is probably a 
saturated solution since a repetition of this procedure on the same pollen will 
produce an extract strong enough to gne positnc reactions in concentrated dilu- 
tions It IS a 1 100 dilution, and from it arc made other progressn elj weaker 
dilutions up to 1 160,000 Each patient is tested and treated according to the 
tests with the ^arlous dilutions The first treatment is gnen with the strongest 
dilution that fails to give a cutaneous reaction, and succeeding treatments are 
gradually increased through the progressu elj" stronger dilutions, with the aim to 
give at the end of treatment three or four doses of the 1 500 dilution Any dose 
that causes local or general reaction is repeated on the scheduled date before the 
succeeding increase is given - Commercial houses in general and most internists 
use pollen extracts that are made in different w'ajs, therefore their results may 
not be comparable 

Index of Cme — In the former article on apparent cures it was concluded that 
when the cutaneous reaction to the causatne pollen became negatne it W'as safe 
to stop treatment This conclusion has been pro^ed correct, since no relapses 
have occurred in such cases up to the present time Another conclusion was that 
when the pollen reaction does not become negative it is desirable that the patient 
show considerable decrease in sensitivity and have at least one and preferably tw'O 
seasons of complete freedom from hay fever while under treatment betore treatment 

1 Walker, I Chandler One Hundred Cases of Apparently Cured Pollen 
Hay Fever, J A M A 90 750 (March 10) 1928 

2 Walker, I C Frequent Causes and the Treatment of Seasonal Ha^- 
Fever, Arch Int Med 28 71 (July) 1921 
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IS discontinued This has proved to be the next best guide and the only other 
index as to whether the patient may remain free from symptoms for years after 
the omission of treatment or may be apparently cured Only 1 patient in the 
former series has had a relapse Therefore these two conclusions have been the 
guides to indicate when an apparent cure was probable with the series presented 
in tables 1 and 2 

RESULTS RECORDED IN TABLE 1 

By compaiing the columns of table 1 representing the sensitivity 
befoie any treatment and the sensitivity the last year of treatment it 
IS evident what change took place m the sensitivity of the patient follow- 
ing the various seasons of treatment The cutaneous tests were made 
preceding the course of tieatment in eveiy case and they were not made 
at the end of any individual course of tieatment This explanation is 
oppoitune since it is known that the sensitivity is usually greatly reduced 
at the end of any couise of treatment, but that it may not be permanent 
and that it usually increases from this point duimg the period of months 
that elapses between courses of treatment The final tests recorded weie 
made just preceding the final yeai’s tieatment and therefore give a 
peimanent lather than a tempoiary estimate of sensitivity, in fact, since 
the final course of treatment followed these tests the patients aie 
probably even less sensitive than these data show The series of columns 
headed “Result Without Treatment’' repiesent the years m which no 
tieatment was given and the amount of hay fevei that the patient expe- 
iienced during these respective yeais 

Incidence, Age of Onset and Duration — In this group were 27 men 
and 28 women The age of onset of hay fevei ranged from 1 to 57 
years, 6 of the 55 began to have hay fevei after leachmg the age of 40 
and 11 began to have symptoms befoie the age of 10 The duiation 
of hay fever before treatment varied from one to thiity years, 6 had 
had symptoms for twenty oi moie years None of these factors seemed 
to have much bearing on the curabiht}'- oi the duiation of tieatment 

Sensitivity — Of the 55 patients, 21 weie tieated with the pollen 
extiact of timothy glass and 34 with the pollen extract of ragweed 
Since there aie seveial vaiieties of grass in pollination at the same time, 
the fact that these 21 patients weie cuied by tieatment with extiact of 
timothy pollen alone is evidence that sufficient ti eatment with one pollen 
will piotect against othei closely related species in the same family 
This is a confiimation of observations made in a previous paper ^ 

Degiee of Sensitivity Pievioiis to Tieatment — This vaiied fiom sen- 
sitivity to a dilution of 1 5 000 to sensitivity to a dilution of 1 80 000 
There weie 2 patients who leacted to a 1 80,000 dilution, 12 to 
1 40,000, 19 to 1 20,000, 12 to 1 10,000 and 10 to 1 5,000 In othei 
Avoids, 14 patients AA^eie veiy sensitive, 31 had average sensitivity and 
10 were moderately sensitive, as determined by extracts and dilutions 
made by one method 
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Niiinbei of Seasons Ticated — With the exception of 2 patients who 
were treated foi only two seasons, all the otheis weie tieated foi fiom 
thiee to SIX seasons before it seemed justifiable to stop treatment oi to 
call the patient cured Foui patients weie treated foi six successive 
seasons, 15 for five seasons, 23 for four seasons and 11 foi thiee con- 
secutive seasons In other woids, 36 of the 55 patients weie cuied in 
four or less consecutive seasons of treatment 

Decrease m Sensitivity — Of the 55 patients 3 gave a negative reac- 
tion and 12 otheis gave only a doubtful reaction to the whole pollen to 
which they had been sensitive Previous to treatment 7 of these weie 
sensitive to a dilution of 1 5,000, 5 to 1 10,000 , 2 to 1 20,000 and 
1 to 1 40,000 The number of seasons of tieatment weie two for 1 
patient, three for 4 patients, four foi 6 patients, five for 3 patients and 
SIX for 1 patient Since the final cutaneous test was given pievious to 
the last couise of treatment, the last course of treatment should be 
subtracted, therefoie actually all but 1 of the 15 patients gave an almost 
negative leaction following four or less seasons of treatment 

The reactions of 8 other patients became so nearly negative that 
theie was no reaction to any pollen dilution, but a fairly positive reaction 
to the whole pollen Two of these patients were pieviously sensitive 
to a 1 5,000 dilution and were treated foi foui seasons, 3 were previ- 
ously sensitive to a 1 10,000 dilution and weie treated for foui seasons, 
and 3 were pieviously sensitive to a 1 20,000 dilution and were tieated 
for three, foui and five seasons, respectively A deduction of the final 
couise of treatment foi the reason aheady stated shows that 6 of these 
patients leacted only to the whole pollen following three seasons of 
tieatment, and the other 2 patients following two and foui seasons, 
lespectively 

Seven other patients showed a marked decrease in sensitivity In 
1 the dilution producing a positive reaction was changed fiom 1 80,000 
to 1 1,000, in 2 from 1 40,000 to 1 500, and iii 3 fiom 1 40,000 to 
1 1,000 In 5 this reduction was accomplished actually by foui seasons 
of treatment and in the other 2 by three seasons of treatment 

To summaiize, the reactions of 15 patients became practically negative, 
8 others gave negative reactions except to the whole pollen and 7 otheis 
showed a maiked deciease in sensitivity, making a total of 30 patients 
in all of whom (with 1 exception) this was accomplished in four or less 
seasons of tieatment Contrary to this, 1 patient showed no decrease 
m the cutaneous reaction after two seasons of treatment, in anothei 
there was a positive reaction to a dilution of 1 10,000 instead of 
1 20,000 aftei four seasons and m another a reaction to 1 20,000 
instead of 1 40,000 after five seasons, and 2 showed a decrease of 
sensitivity fiom a positive reaction to a 1 10,000 dilution to a positive 
leaction to a 1 5,000 dilution after two and four seasons of treatment. 
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lespectively Tlieiefoie, 5 patients sliOM'ed little or no deciease in sensi- 
tivity following two and foin seasons of tieatment in contiast to the 
30 patients who showed a inaiked deciease 

The remaining 20 cases showed a consideiable decrease in sensitivity, 
which was most maiked m 15, in which the dilutions to which the 
patients weie sensitive deci eased as follows in 2, fiom 1 40,000 
to 1 500 , m 4, from 1 20,000 to 1 500 , in 2, from 1 10,000 to 1 500 , 
in 1, fiom 1 80,000 to 1 5,000, and in 5, fiom 1 40,000 to 1 1,000 
The actual numbei of seasons of tiealments varied between two and 
foui, the most fiequent number being three 

Results Aftei Omission of Treatment — All 55 patients have been 
fiee fiom hay fevei since the omission of tieatment The numbei of 
yeais of fieedom foi the various patients is seven years for 6 patients, 
SIX yeais foi 18, five yeais for 5, four }eais for 18 and three }ears 
foi 8 It IS fail to assume that none of these patients will have a relapse, 
since m the foimei senes of 100 cases only 1 patient had a relapse, and 
he had been treated onl} two seasons with no lesultant decrease in 
sensitnity In the piesent senes the only patient at all similar is number 
47 who was tieated foi tliiee seasons with no change in the degree of 
sensitivity He was, ho\\e-\ei, 51 )ears of age when last treated, and 
he has been without treatment foi four more years Patients after 
middle life who have had hay fever for man} years are apt to experience 
a giadual decrease in s}mptoms, so that the age alone of this patient 
may prevent a i elapse 

Compai ison of Table 1 xuith the Pievious Rcpoit — '1 he patients in 
the piesent leport weie moie sensitive than those repoited pienoush, 
since befoie tieatment they reacted positneh to a highei dilution of 
the pollen extiact Piobably for this reason fewer patients in this repoit 
could gne an entirel} negative leaction to the whole pollen, on the other 
hand a few in the piesent article showed little oi no change in then 
sensitivity following tieatment. wheieas many more had only a 
slight reduction in sensitivity in the earliei senes In the former senes 
44 patients gave either a negative or onh a slight!} positive reaction 
to the ^^hole pollen, wheieas m this gioup of 55 theie aie 15, hovevei. 
8 otheis reacted positively only to whole pollen In the former senes 
44 showed little oi no change m the cutaneous reaction after tieatment 
wheieas, m the present senes only 5 patients showed little or no change 
Theiefoie, on the whole, theie was a gi eater deciease in sensitivity in 
the piesent gioup than in the foimer group In the foimer gioup, AMth 
the exception of 1 patient who had a letuin of symptoms, 22 patients 
have lived eight yeais and all the others nine years (some even longei) 
without a leturn of hay fever Theiefoie it is fair to expect, since 
all factors are as favoiable, that the piesent gioup of patients, ahead} 
three oi moie years without hay fever, are cuied 
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RESULTS RECORDED IN TABLE 2 

Since none of the 35 patients in table 2 %\ere entirely free fiom symp- 
toms either dm mg or since the omission of treatment and yet are listed 
as apparently cured, it is necessary to qualify this statement by an 
explanation in each case Patients 4, 14 and 33 were sensitive to foods, 
and 8 was sensitive to epidermal irritants Patient 10 had one day of 
symptoms each season, and 18 had one day of symptoms resembling those 
of a cold in the head occasionally throughout the year Patients 6, 9 
and 26 had colds and asthma at any time of the year, and patients 7, 
13, 15, 16, 21, 24, 25, 31 and 32 were subject to attacks of sneezing 
on using in the morning at any time of the yeai Patients 5, 28, 29, 
34 and 35 had slight symptoms early in May that were likely caused 
by pollen of June grass, but they were free from symptoms during the 
late grass pollen season Patients 3, 11, 12, 19, 20 and 23 lived in the 
Middle West, where they weie exposed to giant lagweed, they were 
also sensitive to corn Whether the treatment with small ragweed pollen 
did not completely protect them against the giant species or whether it 
was the pollen of corn oi the ingestion of corn as a food that caused 
a little hay fever is not known, but the slight symptoms were evidence 
that treatment with the dwarf ragweed gave good piotection against 
the giant variety There is no evident excuse why the remaining 6 patients 
(1, 2, 17, 22, 27 and 30) were not entirely free fiom symptoms The 
fiist 2 were treated for four seasons, and they have been without tieat- 
ment for six years, with no inciease in symptoms The next two were 
treated for thiee and five years, respectively, and for five yeais have 
shown no inciease in hay fever smce the last treatment The last 2 
were treated for six and seven years, respectively, and both have now 
gone for four seasons without treatment and without any inciease in 
symptoms 

Incidence, Age of Onset and Dmatwn — In this senes of 35 patients, 
26 were sensitive to, and weie treated with, extract of small lagweed 
pollen and 9 were sensitive to grass pollens and were treated with 
extract of timothy grass pollen There were 22 females and 13 males 
The age of onset varied between 3 and 39 years, 6 patients weie more 
than 30 and 7 were moie than 20 when the hay fever began The 
duration of symptoms varied from one to thirty years, 3 patients had 
had hay fever for only one year, and 4 had had it for twenty }eais oi 
more 

Sensitwify — Ten patients m this group weie sensitive, 3 reacted 
to a dilution of 1 80,000 and 7 to a dilution of 1 40,000 Six patients 
were not veiy sensitive in that they reacted to a dilution of 1 5,000 
The remaining 19 w^ere sensitive to the average degree , 12 reacted to a 
1 20000 dilution and 7 to a 1 10,000 dilution 
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Dwahon of Ti eatnient — Seven patients were treated for six seasons, 
5 foi five seasons, 10 foi four seasons, 10 for three seasons, 1 foi two 
seasons and 2 foi only one season 

Results of Ti eatment — Since the treatment was stopped 7 patients 
have gone for a period of six years, 13 foi five yeais and the othei 15 
foi foui yeais without a relapse oi any inciease in symptoms of ha}'^ 
fever These periods without ti eatment would seem to be long enough 
to justify the statement that the patients aie apparently cuied of hay 
fever, paiticularl}^ with legard to the pollen with which they were 
heated 

Vanahility m the Dcaease of Sensitivity — Attention was not called 
to the variability among the patients listed in table 1 in the decrease of 
sensitivity resulting from treatment because it is moie evident and moie 
pronounced m the gioup listed m table 2 Of the 2 patients who were 
sensitive to a 1 80,000 dilution of pollen extiact previous to treatment, 
1 still reacted to a 1 10,000 dilution after thiee seasons of treatment 
and the othei to a 1 5,000 dilution after six seasons of treatment, and 
both have gone for fotii years since the treatment was omitted without 
an inciease m symptoms Among the 6 patients who leacted to a 
1 40,000 dilution of the pollen extiact before ti eatment, 1 patient 
reacted to a 1 500 dilution after six seasons of ti eatment, 2 others 
reacted to a 1 1,000 dilution after four and five seasons of treatment, 
respectively, and foi six and five yeais they have been without relapse, 
anothei reacted to a 1 5,000 dilution after three years of treatment and 
for five years has had no increase in symptoms, another’s leaction 
decreased to only a 1 10,000 dilution after foui yeais of ti eatment, 
and for six years he has had no relapse Anothei showed no deciease 
in sensitivity following five years of treatment, yet this patient has had 
no increase in symptoms m the foui yeais since treatment was stopped 

Comparison among the group of 9 patients, all of whom reacted 
to a 1 20,000 dilution of the pollen extract previous to treatment, is 
of inteiest After six and foui seasons of treatment, respectively, 2 
patients reacted alike to a 1 500 dilution and have had no increase in 
symptoms during an interval of four and six year s, respectively , 2 other 
patients reacted alike to a 1 1,000 dilution aftei five and thiee seasons 
of ti eatnient and have been without treatment for five and four yeais, 
respectively, with no increase in hay fevei , 3 othei s leacted to a 1 5,000 
dilution after three seasons of ti eatment and have had no inciease in 
symptoms without treatment for four and five years, 2 other patients 
showed no change m reaction to the cutaneous test following four and 
three seasons of ti eatment, respectively, and neither has had an inciease 
in hay feiei foi the last six yeais duimg which no treatment has been 
given 
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Of the 6 patients who leacted to a dilution of 1 10,000 previous 
to treatment, 3 patients showed no change in cutaneous reaction after 
thiee, four and six seasons of treatment, respectively, yet they have 
been free from hay fever foi five, six and four yeais, respectively, since 
the treatment was stopped With 2 others the leaction was diminished 
to positive with a 1 500 dilution aftei six seasons of treatment in one 
case and after only one season of tieatment in the other, and neither 
has experienced an inciease in symptoms during the last four }ears 
without treatment Anothei patient had so nearl} a negatne leaction 
after two seasons of tieatment that onl) the whole pollen pioduced a 
reaction, and theie has been no evidence of a relapse during the four 
yeais without treatment 

There were 5 patients who reacted onlj to a 1 5,000 dilution previous 
to treatment One still leacted to a 1 1,000 dilution after four seasons 
of treatment, wheieas 2 others reacted only to a 1 500 dilution aftei 
three years of treatment Of the last 2 mentioned, one has had no 
increase in symptoms for six yeais and the othei for fi\e }ears without 
tieatment The lemaining 2 patients gave so nearly a negative reaction 
after six seasons of treatment that only the i\hole pollen caused a 
reaction, and they bare had no incicase of simptoms for foui }ears 
without treatment 

RESULTS RECORDED IN TABLE 3 

The filst patient listed in table 3 reacted to extract of ragweed pollen 
in a dilution of 1 40,000 and received an 85 per cent benefit from treat- 
ment The second year he was sensitiv^e to one dilution less, and benefit 
from treatment was the same The third veai his sensitivitj had 
deci eased to positive reaction to a 1 10,000 dilution and folloiving treat- 
ment he was practically free fiom hay fever The fourth }ear dupli- 
cated the third year In the fifth year (1926) he had no treatment and 
he was 75 per cent fiee fiom symptoms, the next year viithout treat- 
ment he was 50 per cent relieved . the third successive v ear \\ ithout 
treatment he was only 25 per cent free from hay fever and the fouith 
year (1929) he had as much hay fever as he had had pievious to treat- 
ment The next year (1930) a test proved him to be as sensitive as he 
had been previous to treatment Treatment that vear gav^e him 75 
per cent benefit and reduced his sensitivit}' from a leaction to a 1 40,000 
dilution to a reaction to a 1 10,000 dilution, and with tieatment a second 
season he again became practically free from hay fevei 

The second patient is moie sti iking, for during fiv'e seasons of tieat- 
ment his impiovement increased fiom 50 pei cent the first season to 
practical freedom from symptoms for four seasons, and his sensitivity 
decreased from a positive reaction to a 1 20,000 dilution to a reaction 
to only a 1 1,000 dilution He omitted treatment for thiee years, the 
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Tlio abbreviations arc the same as for table 1, with the addition of NT, meaning no treatment, and NG, meaning no benefit (sMnptoiiis as bad as before 
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fiist year he was 75 pei cent lelieved, the second year, 50 per cent, 
and the last yeai he had as much hay fever as he had previous to treat- 
ment The next yeai (1930) his sensitiveness to the pollen extiact had 
increased to its oiigmal extent, namely, a positive reaction to a 1 40,000 
dilution He was treated that 3'’ear and leceived 75 per cent benefit, 
and the next yeai his cutaneous leaction had decreased to a positive 
leaction to a 1 10,000 dilution Following treatment the second yeai 
he was again piactically fiee from ha} fevei 

Patient 3, who reacted the fiist yeai of tieatment to a 1 80,000 
dilution, was practically fiee from hay fevei The second }ear of treat- 
ment his sensitivity had deci eased to a leaction to a 1 40,000 dilution, 
and he was entirely free from hay fever Nevertheless, following the 
omission of tieatment the next year he had as much ha} fever as he 
had experienced pievious to treatment The next year his degree of 
sensitiMty by test was the same as that previous to his second season 
of treatment, but lenewed treatment vas followed b} nearly complete 
freedom fiom symptoms 

Patient 5 leacted to a 1 10,000 dilution of timoth} pollen extract, 
and the first season of treatment resulted in complete freedom fiom hay 
fever He omitted treatment for three years during vhich period his 
lelief from symptoms gradually diminished, the first }eai he was prac- 
tically fiee, the second year 75 pei cent free and the third }eai 50 pei 
cent free A yeai latei (1926) he was tested and gave a positive reaction 
to a highei dilution (1 20,000) than he had given picMous to treatment 
He again became practically free from symptoms following one season 
of tieatment, and the second season the reaction had deci eased one dilu- 
tion, but tieatment lesulted in his being again entirely free from ha} 
fevei 

Fuithei discussion of the cases in table 3 and many more similar 
cases which might have been added would duplicate what has been illus- 
trated b} the few aheady discussed and would only verif} the statements 
to be piesented 

Only 5 of the 18 patients were as free from hay feier the first year 
that tieatment was omitted as they were during the last year of treat- 
ment All the others showed a i elapse and the 5 had some i elapse the 
second season without treatment In other words, most patients who 
have had insufficient treatment before treatment is omitted ha^e a i elapse 
the first season, and the few who do not show any i elapse the fiist }ear 
show one dtiiing the second year of omission 

Foui patients showed no hay fever the last yeai of tieatment, 3 of 
these weie tieated for two yeais and the other for one In the first 
year without tieatment 2 had as much hay fever as they had befoie 
tieatment, 1 was 50 per cent bettei than he had been pieMOUS to tieat- 
ment, and the fouith was practically fiee the first year of omission 
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and 75 pei cent relieved the second year Thiee of these showed some 
decrease m sensitivity when the second season’s treatment began Thei e- 
fore the omission of tieatment aftei only one or two seasons of treat- 
ment, even though the last course of tieatment has resulted m fieedom 
fiom hay fever, is not always a safe proceduie Howevei, m table 4 
it will be shown that 15 patients have lemained fiee from hay fe^er foi 
thiee or more yeais following one season of treatment, and 23 others 
have done likewise following two seasons of tieatment Five patients 
had a complete relapse the first year that tieatment was omitted, while 
with 8 others who had a gradual and piogressive relapse it was two or 
thiee years before they experienced as much hay fevei as pievious to 
treatment 


Table 4 — SfaUsttcs on Piescasonal Tieatment of Hay Fever foi Vanoiis 

Pei tods, ft out 1919 to 1930 


Number oi seasons patient i^as treated 1 
Number of patients ISO 

Number of patients permanently relieved 15 
Per eent permanently relieved 8 3 

Number on trial ? 

Per cent relieved 

Number of failures 30 

Per cent of failures 10 0 

Per cent of total relieved 2 

Per cent of total failures 4 

Negative reaction to pollen C 

Doubtful reaction to pollen 4 

Positive reaction to pollen 1 

Positive reaction to 1 100 solution 0 

Positive reaction to 1 000 solution l 

Positive reaction to 1 1,000 solution 0 

No change in reaction 2 


Number of years free from hay fever 
Number of patients free from symptoms since 
omission of treatment 
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Theiefoie, all the patients piesented in table 3 began to have a 
1 elapse not later than the second season following the omission of tieat- 
ment Since all the 90 patients presented in this report have survived 
for thiee oi moie years (8 for only three }ears) without treatment and 
without any signs of relapse it is fair to assume that none will have a 
relapse 

It is of interest to note that in those whose sensitivity showed a 
decrease following treatment there was an increase in sensitivity during 
the period of omission of tieatment Theie was a i elapse in their sen- 
sitivity as Avell as in then symptoms 

RESULTS RECORDED IN TABLE 4 

In table 4 are piesented statistics foi preseasonal treatment duimg 
the interval fiom 1919 to 1930 No patients given treatment during 
the season or preceding and during the season aie included No patient 
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was given moie than eight seasons or courses of tieatinent during the 
inteival from 1919 to 1930 A total of 734 patients were tieated during 
this peiiod, 180 recened tieatment foi only one season and 209 for 
only two seasons 

Of 180 patients tieated foi only one season, 15 have lemained free 
from symptoms without tieatment, 1 patient has been free for eight 
years without tieatment, 5 foi eleven yeais, 1 foi twelve yeais and 4 for 
thiiteen years Two hundred and nine patients ^\ere treated for two 
seasons only, and of this numbei 23 have remained free fiom symptoms 
Of the 131 patients who leceived treatment for only thiee seasons, 61 
have had no i elapse, of 99 tieated for only foui seasons, 51 ha^e 
lemamed free fiom s}mptoms, of 40 tieated for five seasons, 26 have 
lemained free and of 28 treated for six seasons, 14 aie still free from 
hay fever Among the 21 and 26 patients treated for seven and eight 
seasons, lespectnel}, no cures are reported One hundred and ninet} 
patients (100 piesented in a foimer article and 90 here) of 734 are 
lepoited cured 

Eight per cent of those tieated for one season only ha\e remained 
flee from symptoms, 11 pei cent of those tieated for h\o seasons, 47 

per cent of those tieated foi thice seasons, 50 per cent of those treated 

for four seasons, 65 per cent of those treated for fi\e seasons, and 50 

per cent of those treated for six seasons Of the 734 patients treated 

26 per cent haie been fiee for many jears since treatment was stopped 
Although the greatest numbei of patients Aiere cured folloi\ing three 
and foul seasons of treatment, on the percentage basis the greatest num- 
ber required five seasons, and the next highei percentage 1 % as practically 
the same foi three, foui and six seasons, respectnely The statistics 
for the thud and fouith seasons are probably the fairest because of the 
laige numbei of patients that weie tieated foi those respectue seasons 
in compaiison with the number treated for longei peiiods, and not 
many could be expected to become permanently' fiee from symptoms 
following only' one oi tiio seasons of treatment In fact, if the number 
treated for only one or two seasons were deducted from the total number 
theie would lemain 345 nho nere treated foi three or more seasons, 
and of this numbei 152, oi 44 pei cent, remained free from hay fever for 
many years 

The group designated as the “number on tiial,” compiises the 
patients with whom tieatment has been stopped but who, for the follow- 
ing reasons, cannot be counted as being peimanently' fiee from hay' fever 
In many, only' one y'ear has elapsed, in many' others two yeais have 
elapsed, but some have failed to answei a questionnaiie, and in the few 
remaining who ha\ e gone foi a period of tin ee y'ears it has been impos- 
sible to establish a contact On the assumption, which usually' is true 
that those who have not been well would ha^e been heaid fiom, it may 
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be fair to assume that many of these patients are still fiee fiom hay 
fever, and this assumption is strongei m that most of these patients had 
been treated for fiom thiee to six seasons and the percentage of pei- 
manent relief was ovei 50 in such cases The addition of these cases 
to the aforementioned gioup would increase the peicentage of permanent 
relief (line 6, table 4) veiy much for each of the vaiious peiiods of 
tieatment, and the general average of peimanent lelief would be 35 pei 
cent for the whole number tieated If the numbei of those who had 
treatment for only one oi two years is deducted, the peicentage of pei- 
manent lelief would be 72 

Failure of treatment was noted m 30, oi 16 6 per cent, of those 
tieated for one season only, m 18, oi 8 6 pei cent, of those treated foi 
two seasons only, in 6, or 46 per cent, of those tieated for three seasons 
only, and in none of those treated for foui seasons or moie The actual 
average of failuies each season for all patients treated over a peiiod of 
ten yeais has varied between 4 and 8 pei cent Therefore, it is evident 
that had those who had no lelief aftei one season’s treatment taken a 
second season’s treatment, at least half of them would have evidenced 
benefit, and the same ratio would hold tiue for the cases of failure that 
followed two seasons of treatment Those who obtained no benefit fol- 
lowing three seasons of treatment must be legaided as showing peima- 
nent failure of preseasonal treatment As a mattei of fact, many of 
these patients did expeiience moie or less benefit, but they did not think 
that the amount of benefit justified the expense of anothei couise of 
treatment 

The peicentage of peimanent lelief and of failuie to the whole num- 
ber (734) is as follows For one season of tieatment the peicentage 
of peimanent lelief was 2 and of failure 4 Foi two seasons of tieat- 
ment the percentage of peimanent relief was 4 and of failure 2 4 Foi 
three seasons of treatment peimanent lelief lesulted m 18 per cent of the 
total numbei, and failure m less than 1 pei cent, theie weie no failures 
following moie than thiee seasons of tieatment, and peimanent lelief 
was obtained m 26 6 pei cent, 22 6 per cent and 20 per cent following 
four, five and six seasons of tieatment, lespectively 

Following the individual season’s treatment fiom one to six seasons 
inclusive, the cutaneous test was as follows The pollen test was nega- 
tive m 6 cases aftei one and two seasons of tieatment, m 8 cases aftei 
thiee seasons of tieatment, m 3 cases after four seasons and m 1 each 
after five and six seasons of treatment The test was only doubtful 
in 4 cases following one and two seasons of tieatment, in 12 cases aftei 
three seasons of treatment, in 8 cases aftei four seasons, m 4 cases after 
five seasons and in 1 case aftei six seasons of ti eatment The reaction to 
the pollen test was positive, but not strong enough to give any reaction 
with a dilution in 1 case following one, two and five seasons of treatment. 
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respectively, in 2 cases aftei thiee seasons of treatment, in 10 cases 
after four seasons of treatment and in 3 cases after six seasons ot 
treatment Seven patients had a positive reaction to a 1 100 dilution 
only, after various seasons of tieatment, 16 to a 1 500 dilution and 19 
to a 1 1,000 dilution, and 45 patients of the cured showed no change 
in cutaneous reaction The remaining 20 odd cases showed more oi 
less change Thus, 58 patients gave either a negative or a practically 
negative leaction, 18 a leaction only with the whole pollen and 23 a 
leaction only with the stiongest dilutions, 45 showed no change in the 
cutaneous reaction, and the lemaining 40 odd cases shov/ed from little 
to considerable change at the time treatment was stopped Eight patients 
have been free from hay fever for three yeais, 32 for foui yeais, and 
so on for increasing lengths of time up to thirteen years for 10 patients 
In fact, 78 of the 190 patients have been fiee fiom hay fever for ten 
or moie yeais since tieatment was omitted 

SUMMARY 

The patients weie treated pieseasonally, at weekly inteivals, ovei 
a period of fifteen weeks, oi for a period, detei mined by cutaneous 
tests with vanous dilutions of pollen extiact, that would usually insure 
two or more treatments with a 1 500 dilution of the pollen extiact 
just prior to the usual onset of symptoms of hay fever The pollen 
extract that was used was m physiologic solution of sodium chloride 
enforced with alcohol 

In table 1 the records of 51 patients are piesented, all of whom 
have been fiee from hay fevei for periods langing from thiee to seven 
years Only 8 patients have been free for as short a time as thiee years , 
18 foi as long a time as four yeais, 5 for five years, 18 foi six yeais 
and 6 for seven yeais With the exception of 2 patients who weie 
treated only two seasons and 4 who were tieated for six seasons, all 
patients were treated foi from three to five successive seasons, 15 veie 
treated for five seasons, 23 for four seasons and 11 for three seasons At 
the end of treatment the cutaneous reaction to the pollen became negative 
or only doubtfully positive m 15 patients, in 10 others there was only a 
fair positive reaction to the pollen and in all the remaining cases varying 
degrees of lessened sensitivity weie shown, fiom a slight to a niaiked 
decrease Previous to treatment 14 were very sensitive, 19 showed 
average sensitivity and the remainder were moderately sensitive The 
cases were equally divided between the two sexes , 34 were due to 
lagweed pollen, and 21 to timothy pollen The age of onset of hay 
fever varied from 1 year to 57, and the duiation of hay fever vaiied 
from one to thirty yeais 

In table 2 are the lecords of 35 patients, none of whom is classed 
as entirely free from hay fever, but all are described as practically fiee 
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As a mattei of fact, all these patients are probably entirely fiee fiom 
symptoms of hay fevei caused by the pollens with which they were 
tieated, m fact, the slight symptoms in evidence during the pollen 
season were, in most casps, as pronounced at other times of the year 
In this group were a few more females than males, and a few moie 
patients weie sensitive to and treated with lagweed than with timothy 
pollen extract The age of onset, the duration of hay fever and the 
degree of sensitivity in this group resembled those recoided in table 1 
Seven patients were treated for six successive seasons, 5 for five seasons, 
10 for four seasons, 9 for three seasons and 2 for one season only 
The duration of tieatment in this group was considerably shortei than 
m the formei gioup, and the decrease in sensitivity after tieatment 
was likewise less marked, but to offset this these patients have been 
without tieatment for a longer time without an increase m symptoms 
than the foimer group Fifteen have gone for four years, 13 foi five 
years and the remaining 7 for six years without an increase in symp- 
toms In case of doubt as to the permanency of the treatment attention 
IS called to a foimer paper ^ which included 14 similai cases, 8 of the 
patients have been without treatment for ten yeais without an increase 
in symptoms, and their sensitivity to the pollen extiact was not markedly 
1 educed, and the other 6 patients, in whom the sensitivity was gieatly 
reduced following treatment, have had no mciease in symptoms duimg 
an interval of seven yeais 

In table 3 are piesented a group of patients who illustiate the dis- 
astrous lesults of stopping treatment prematuiely Some patients have 
a complete i elapse the first season that treatment is omitted, otheis have 
a giadual relapse beginning the first year, and the few who may be as 
free fiom symptoms the first year that tieatment is omitted begin to 
have a relapse not later than the second season The individuality of 
the patients so complicates any rules that may be pi omulgated with 
regard to the cui ability of hay fever and the amount of treatment neces- 
sary that the best guide would seem to be the experience of the physician 

Table 4 is a composite of a foimei paper ^ and the present one, 
giving statistics on all the patients with pollen hay fever (734) whom 
I have tieated preseasonally duimg the inteival from 1919 to 1930 
One hundred and eighty patients received tieatment for only one yeai 
Of this number 15, oi 8 per cent, have been fiee from hay fevei , in 
6 cases the pollen leaction became negative, in 4 others it was doubtful, 
in 2 there was no change, and in 2 there was a marked decrease Theie 
were 30, or 16 per cent, m whom treatment failed Among the 209 
patients who were tieated only two seasons, 23, oi 11 per cent, have 
remained fiee from hay fevei , in 6 the pollen leaction became nega- 
tive, in 4 others it was only doubtful, in 9 there was no change, and 
the lemainmg 4 showed a maiked decrease There was failure m 18, 
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or 8 pel cent In the group of 131 patients who were treated for three 
seasons, 61, or 47 per cent, remained free from hay fever, in 8 the 
pollen reaction became negative, m 12 others it became only doubtful, 
in 21 theie was no change, and m the remaining patients the deciease 
in sensitivity varied from little to marked If the 8 additional patients 
who are on trial continue without treatment to he free from hay fever, 
as IS expected, they will raise the number of those permanently relieved 
to 69 and the percentage of the groups having had treatment for three 
seasons to 53 Six, or 4 per cent, failed to be leheved 

Among those tieated for four seasons only there were no failures, 
and 51, oi 50 per cent, have lemained free from hay fever, if the 11 
otheis on tiial continue to be free the percentage will be inci eased to 
61 In 3 of this gioup the leaction to the pollen test became negative, 
and m 8 only doubtful, 10 gave a positive leaction only with the whole 
pollen, 8 showed no change, and the others showed from a little to a 
marked change The two groups of patients tieated for five and six 
seasons showed the highest peicentage of permanent lelief, namely, 65 
and 50, respectively, and if those on trial aie included the total would 
be 186, lespectively Howevei, the total number of patients in these 
two gioups was lelatively small The deciease in sensitivity was rela- 
tively less 

In the two groups of patients tieated for seven and eight seasons, 
lespectively, none is permanently relieved, and the cutaneous tests have 
not been maikedly changed by treatment Howevei, 14 and 11 patients 
m these lespective gioups are on tiial without tieatment and are expected 
to 1 email! peimanently free fiom hay fever 

Theiefore, of the 734 patients who received treatment pieseasonally 
foi various periods ranging from one to eight seasons, 190, oi 26 per 
cent, ha!e lemained fiee from hay fever To this number might be 
added 68 more who are on trial, and who aie anticipated to remain fiee 
from hay fever, to make the total 258, or 35 pei cent All failures 
occtiri ed af tei treatment for one, two or three seasons Since the largest 
numbei of failures occurred after one season of tieatment, only half as 
many aftei the second season and half as many after the thud season 
as aftei the second, it is evident that many failures following one season 
of tieatment would result in benefits after a second season, and the 
same for the third season, provided treatment was continued The 
laigest numbei and likewise the highest peicentage of cases of perma- 
nent lelief followed treatment that was given foi three, four, five and 
SIX successive seasons The most marked diminution in the cutaneous 
reaction occuried in these groups, although the patients who weie tieated 
only one or two seasons ran a close second 

Of the 190 patients who have remained fiee from hay fevei since 
the omission of treatment, 8 have been fiee foi three yeais, 31 foi foui 
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years, 17 for five years, 25 for six years, 6 for seven years, 22 for eight 
} ears, 3 for nine years, 40 for ten years, 20 for eleven years, 8 for twelve 
years and 10 for thiiteen years, and all are still free from hay fevei 

CONCLUSIONS 

Pieseasonal treatment foi hay fever offers a cure, provided that the 
pioper pollen extract is used, careful tests are made and judgment is 
employed in the manner of treatment 

Permanent relief is obtained in between 26 and 35 per cent of all 
those who are preseasonally treated A deduction of those who take 
tieatment for only one or two years would increase the peicentage to 
44 A few patients are cured following only one or two seasons of 
treatment The majority of cures, however, result from three, four, 
five and six successive seasons of treatment The percentage of yeaily 
failures varies between 4 and 7 , therefore, another 50 per cent receive 
benefit, and this benefit averages more than 75 per cent relief 

Privately'- made, individual pollen extracts used in a locality in which 
the pollen flora is not veiy diversified undoubtedly facilitated these 
results 

Note — Although these patients were treated m private piactice the 
pollen extracts were made by the author in the medical laboiatoiy of 
the Peter Bent Brigham Hospital These same extracts and the same 
methods of testing and tieatment are employed in the outpatient depait- 
ment of that hospital 
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MODIFYING ACTION OF CALCIUM AND SODIUM 
BICARBONATE ON SALICYLATE INTOXICATION 

H E THOMPSON, MD 

AND 

C A DRAGSTEDT, MD 

CHICAGO 

In an investigation of the properties and pharmacologic action of 
calcium acetylsalicylate ^ there were indications of certain advantages 
that this salt had over acetylsahcylic acid It appeared to be less toxic, 
particularly with reference to the induction of albuminuria However, 
calcium acetylsalicylate proved to be unstable, and the present inquiry 
was undei taken to determine whether a mixture of a calcium salt with 
acetylsahcylic acid would be correspondingly less toxic than acetyl- 
sahcyhc acid alone 

Eighteen normal healthy dogs were selected which aftei repeated 
examination were proved to have albumin-free urine (Heller’s test) 
Each dog received 100 mg of acetylsahcylic acid, U S P , per kilogram 
three times a day in gelatin capsules One group of six dogs received, 
in addition, an equal amount of calcium gluconate, and another group 
of six an equal amount of sodium bicarbonate, chemically pure The 
dogs were watched carefully for (1) vomiting, (2) albuminuria, 
(3) the development of what are here called toxic symptoms, namel}, 
maiked anorexia, asthenia, staggering gait, visual disturbances or con- 
vulsions, and (4) death Two dogs fiom each group were killed aftei 
ten days’ administration for autopsy and histologic examination of 
tissues (when any doses given were vomited, they weie readministered 
until retained) The essential findings aie recorded in the accompanying 
table 

As indicated in the table, all dogs vomited at approximately the 
same time, and from a dose of approximately the same amount of 
acetylsahcylic acid, i e , an average of from 0 58 to 0 63 Gm per kilo- 
gram There was no significant modifying influence by eithei calcium 
gluconate or sodium bicarbonate This is in contrast to the evidence of 
gastric irntation exhibited at autopsy in the animals at death oi when 
killed As will be leported in more detail later, the dogs leceiving 

This study was aided by a grant from the Mark H Wodhnger Fund 

From the Department of Physiology and Pharmacology, Northwestern Uni- 
versity Medical School 

1 Thompson, H E, and Dragstedt, C A The Chemical and Pharmaco- 
logical Properties of Calcium Acetylsalicjdate, J Am Pharm A 22 1096, 1933 
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Obsovahom on Eighteen Dogs"^ 


Acetylsallcylic Aclct 
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acetjdsalicylic acid alone showed considerably more gastritis and ulcer- 
ation than eithei of the other groups The explanation, we believe, is 
that the vomiting induced by the type of admmistiation here employed 
IS due to the systemic action of the salicylate This is likewise indicated 
by the observation that m all dogs aftei the initial appearance of vomit- 
ing on the second to the fourth day, it did not lecur, so that a certain 
degree of toleiance on the pait of the center for vomiting seems to have 
developed We have leported elsewheie^ that single large doses of 
acetylsahcyhc acid (1 Gm pei kilogram) will pioduce immediate vomit- 
ing, presumably owing to local n ntation 

With respect to the pioduction of albuminuria there is a definite 
diffeience between the three groups of dogs With acetylsahcyhc acid 
alone albuminuiia appealed after doses of 0 3, 1, 0 6, 0 6, 0 8 and 
0 8 Gm pel kilogiam, i espectively, for an aveiage of 0 68 Gm per 
kilogram Albuminuiia had developed in all dogs by the time 1 Gm 
per kilogiam had been given, and this continued throughout the remain- 
der of the expel iment When calcium gluconate was administered 
simultaneously, albuminuiia appeared after doses of 1, 4 3, 7 6, 0 6 and 
2 1 Gm per kilogiam, i espectively, for an average of 3 12 Gm , and in 
one of the dogs killed it had not appeared after 3 Gm per kilogram 
had been given Thus m this senes albuminuiia developed m only 
two of six animals when 1 Gm pei kilogiam had been given, and the 
albuminuria was not maiked oi constant until shortly before death In 
the series receiving sodium bicarbonate, albuminuiia appeared after 
doses of 2 1, 1 4, 3 5, 0 5 and 1 8 Gm per kilogram, i espectively, foi an 
average of 1 8 Gm , while it had not appeared m one dog saciificed after 
leceivmg 3 Gm per kilogram Here, albuminuiia had developed in 
only one of the six animals when a dosage level of 1 Gm per kilogram 
had been leached While the number of animals tested is comparatively 
small, it seems appaient that there is a distinctly diminished tendency 
for acetylsahcyhc acid to piovoke albuminuiia when either sodium 
bicaibonate or calcium gluconate is simultaneously administeied The 
histologic obseivations to be reported latei are m harmony with this 
observation There was distinctly more renal damage in the group of 
dogs receiving acetylsahcyhc acid alone than in either of the other two 
groups There is considei able conflict in the literature as to the modify- 
ing effect of sodium bicarbonate on salicylate albuminuiia both in the 
experimental animal and in man (Hanzlik-) We have found notlung 
in the literature relative to calcium m this respect othei than the com- 
ment b)^ Cantarow ® that the administration of cahcum has been found 

2 Hanzlik, P J Actions and Uses of the Salicylates and Cinchophen in 
Medicine, Baltimore, Williams & Wilkins Company, 1927 

3 Cantarow, A Calcium Metabolism and Calcium Therapy, Philadelphia, 
Lea &. Febiger, 1931 
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beneficial in certain cases of adolescent albuminuria Theie is no indi- 
cation from our expeiiments as to its mode of action in this regard 

Objective signs of toxicity, such as marked anoiexia, asthenia, stag- 
geiing gait, visual disturbances or convulsions, occuired in the dogs 
leceiving acetylsalicylic acid alone aftei the total doses administeied 
had leached 1 1, 1 4, 0 8, 3 8, and 2 2 Gm per kilogram, respectively, 
while they had not appeared m one of the dogs killed after admmistia- 
tion for ten days Thus toxic symptoms were seen in four of the six 
dogs when the total dose administered was 3 Gm In the gioup leceivmg 
calcium gluconate toxic symptoms developed after doses of 15, 6 8, 69 
and 4 3 Gm per kilogram, respectively, while neithei of the two dogs 
killed at the ten day period had exhibited them Thus only one of 
SIX dogs in this group showed toxic symptoms by the time 3 Gm per 
kilogram had been administered In the sodium bicarbonate group 
toxic symptoms developed after doses of 21, 12 and 4 Gm per kilo- 
giam, respectively Neither of the two dogs killed on the tenth day had 
shown toxic symptoms, nor did one dog to winch acetylsalicylic acid 
and sodium bicarbonate were administeied until 50 Gm pei kilogram 
had been given, when the administration was stopped Thus only one 
of six dogs in this group showed toxic symptoms by the time 3 Gm 
per kilogram had been given We are unable to account for the extreme 
degree of tolerance manifested by one dog m this series Toward the 
end of the period of administration in this animal the daily dose was 
increased to 0 9 Gm pei kilogram a day without untoward symptoms 
The coriesponding times of death of all animals are indicated in the 
table It IS noteworthy that the appearance of vomiting did not ushei 
in the other objective symptoms of toxicity In practically all the 
clinical repoits on salicylate intoxication vomiting is reported as appear- 
ing fiist, the other toxic manifestations appearing later but not as con- 
spicuously so as in this expeiiment Theie is, however, somewhat more 
con elation between the appearance of albummuiia and the toxic symp- 
toms except in the one dog m the group receiving sodium bicarbonate 
which had unusual tolerance of the toxic effects This dog showed 
persistent albuminuria for three months without toxic symptoms appear- 
ing at any time 

These experiments represent a parallel to an intensive type of 
salicylate medication Such intensive methods aie frequently employed 
clinically for a shoit period to accomplish what may be called salicyli- 
zation, at which time the medication is temporarily halted or reduced 
In oui experiments the medication was continued at a high level in 
order that the effects of the simultaneous administration of sodium 
bicaibonate or calcium might be more leadily appreciated We inteipret 
the results reported here as indicating a distinctly appreciable amelio- 
rating effect on the albuminuria and toxic S}mptonis of sahcylism with 
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both of these agents Much has been written about the value of alkali 
therapy in salicylate medication Hanzhk - said that it had no beneficial 
effect Other recent writeis (Moms and Graham^) have defended its 
use In most instances the rationale of its employment has been to 
prevent the development of acidosis as a sequel to salicylate therapy or 
to reduce the local gastiic iriitation We did not attempt to deteimine 
the acid-base balance in oui experiments The results reported here 
together with those reported previously with calcium acetylsahcylate ^ 
indicate that calcium likewise has some protective influence on the 
development of sahcyhsm The mode of this action is not clear It 
may be similar in character to the protective action of calcium against 
carbon tetrachloride poisoning described by Minot and Cutler ° 

CONCLUSIONS 

The ameliorating influence of sodium bicarbonate on certain of the 
untoward symptoms produced by salicylate medication reported by many 
workers is confirmed in these experiments Simultaneous administra- 
tion of calcium (in the form of calcium gluconate with acetylsahcylic 
acid) was found to have a smnlai and in certain respects a greater 
ameliorating effect 

4 Morns, N , and Graham, S The Value of Alkali in Salicylate Therapy, 
Arch Dis Childhood 6 273, 1931 

5 Minot, A S , and Cutler, J T Guanidine Retention and Calcium Reserve 
as Antagonistic Factors in Carbon Tetrachloride and Chloroform Poisoning, J 
Clin Investigation 6 369, 1928 
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Bacterial Infection By J L T Appleton Price, §7 Pp 637, with 122 

engravings and 4 colored plates Philadelphia Lea & Febiger, 1933 

The second edition of this book has been completely revised, and nearly two 
hundred pages have been added to the text, including new chapters on oral mani- 
festations of extra-oral injections, several chapters on periapical infection and a 
chapter on oral hygiene The sequence of chapters has been changed, and some 
material has been deleted 

The book is divided into three parts The first, dealing with bactei lology, 
endeavors to acquaint the reader with the fundamental information on the morphol- 
ogy, physiology and ecology of bacteria The second part deals with infection and 
oral hygiene, while the third deals with infection of the oral cavity The author 
has made considerable use of current literature, there are references at the bottom 
of almost every page The illustrations are, for the most part, from the work 
of others , these are carefully selected and are pertinent to the subject matter 
One or two, such as figure 59, might well be omitted or might be better executed 

Most of the book deals with general phases of bacteriology and immunity, with- 
out any relation to the dental field, and m that respect does not differ greatly 
from the standard textbooks on bacteriology Of necessity, the descriptions of 
bacteria and even of the theoretical considerations of infection and immunity are 
brief, suggesting that perhaps too much material is covered to make an altogether 
satisfactory presentation Naturall)’’, the chapters dealing with the bacteriology 
and infection of the oral cavity are the most important, since one does not find 
many textbooks dealing with this phase of the subject The discussion of the 
treatment and control of periapical infections is particularly important and embraces 
the present knowledge of the subject 

The book will be of considerable value to dental students and to dentists who 
desire a reference work m this field 

I reumatismi cronici By Dott Riccardo Arrigoni Pp 344, with 23 illustra- 
tions Pisa Casa Editnce U Giardim, 1933 

This IS an excellent monograph on chronic rheumatic diseases The author 
has availed himself of the literature from all possible sources and likewise presents 
and discusses cases of his own Thus he combines the opinions of others with his 
personal experiences and observations 

An introduction, which describes the wide prevalence of these diseases among 
avilized peoples and the disability and suffering occasioned by them, as well as 
the economic losses each year, iS short and to the point The language in which 
this book IS written is simple but forceful 

In the first third of this volume the author discusses rather thoroughly the 
various etiologic factois, both predisposing and exciting Each factor is carefullj 
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considered from practically every point of view The last two hundred pages 
are de\ oted to an excellent presentation of case histones, with a discussion of studies 
of the blood and roentgen findings, as well as histopathologic studies The 
roentgenograms and photomicrographs add considerably to the interest of this 
splendid volume, which is probably the best treatise on the subject of chronic 
rheumatic diseases yet published 
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Ihe liteiatuie now contains over 100 cases of liypeipaiathyioidism 
pi oved by autops)’’ oi opei ation At the Massachusetts Genei al Hospital 
we have studied 19 such cases Our experience with the first 14 of these 
cases led us to believe that the pathologic basis of this condition is a 
functioning adenoma of one parathyioid gland, or possibly on rare occa- 
sions of two glands, with the i emaining glands relatively noiinal (fig 1) ^ 
The vast majoiity of the cases in the literature supported this belief 
Cases 15, 16 and 17 in our senes, however, deinonstiate conclusively 
that the parathyioid pathologic process in some instances is entirely 
different, namely, a hyperplasia of all parathyroid tissue This consti- 
tutes a difterent disease, wdiich it is important to recognize and wdiich 
lequires different tieatment 


KLROKT OF CASES 

Case 15— A P, a widow of 62, entered the hospital for the third time in 
November 1933, with the diagnosis of renal calculi She stated that she had 
“always been a large water drinker ” She first noticed the occasional passage of 
gravel with urination about seven years previously Her first admission in 1928 
was because of bilateral renal calculi Two stones were removed from the rwht 
kidney pelvis Her past history at that time showed no suggestion of bone inyoHe- 
nient except that her teeth had been removed about fifteen years previously because 
of rheumatism She had had rheumatic fever as a child Sec enteen years before 
this admission she had had gallstones removed The menopause occurred m 19?3 
She had two children 


Imestigation at Atlantic City, N J, on 

Departments of the Massachn- 

^ I ^ W H) perparath} roidism A Com- 

mon and PolcTOorphic Condition as Illustrated by Secenteen Proved Tacec f 
One Clinic, JAMA 102 1276 (April 21) 19/4 
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Her second admission was noncontributory 

On her third admission, m November 1933, bilateral renal calculi were again 
found The positive findings on physical examination were edentia, rheumatic 
heart disease with mitral stenosis and auricular fibrillation and a slight cystocele 
and rectocele The nonprotein nitrogen content of the whole blood was 32 mg 
per hundred cubic centimeters The urine showed many white cells but was 
otherwise not remarkable The excretion of phenolsulphonphthalein was only 
slightly impaired A stone was removed at operation from the left ureter 



Fig 1 — Photomicrograph of a small parathyroid adenoma in patient 2 of the 
series reported by Albright, Aub and Bauer,i illustrating the situation which 
exists in most cases of hyperparathyroidism, namely adenoma formation The 
adenoma is so small that the normal parathyroid tissue with its honeycombing of 
fat cells can be seen as a crescent at the periphery 

Routine serum calcium and phosphorus determinations were done as on dll 
patients with renal calculi The values found were IS and 2 2 mg , respectively, 
per hundred cubic centimeters , these were checked at 13 9 and 2 2 mg It appeared 
probable, therefore, that the stones were due to hyperparathyroidism 

Roentgenographic studies failed to show evidence of skeletal involvement This 

fitted the fact that the serum phosphatase was only slightly elevated, 7 3 Bodanskj^ 
units 
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On December 19, the neck was explored (ED C ) Almost at once a para- 
thyroid tumor, measuring 15 by 12 by 0 S cm , was found below the right lobe 
of the thyroid The dissection was carried to the left side, and another tumor 
(18 by 0 8 by 0 6 cm) was found in a position symmetrical with that of the 
first Both tumors were removed The dissection was not carried further 
(fig 2A). 

This was the first patient in our series in whom more than one tumor was 
found The postoperative course was followed with some anxiety, in anticipation 



Fig 2 — A, parathyroid glands removed from A P at the first operation 
B, a parathyroid gland remo^ed from A P at the second operation 


of severe tetany Much to our surprise no signs of tetany appeared, and the 
serum calcium and phosphorus values seven days after operation were found to 
be 15 4 and 2 2 mg, respectnely It then seemed probable that the patient had 
at least one more tumor and that we had been dealing with hyperplasia of all 
four parathyroid glands This point of view was strengthened when the histologic 
structure of the two tumors ^\as found to be different from that in the first 14 
cases in the series 
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A second operation was performed on Feb 28, 1934 In spite of a thorough 
search, the left upper parathyroid gland was not demonstrated The right upper 
gland was easily found lying behind the esophagus and extending into the posterior 
mediastinum It measured 5 by 3 by 1 3 cm It was resected, a piece of gland 
about twice the size of a normal gland being left in place (fig 2B) Following 
this operation there was a definite change m the blood calcium and phosphorus 
values (table 1) 

Case 16 — T F , a truck driver of Irish descent, single, aged 26, entered the 
urologic service m October 1933 because of right renal colic He had had inter- 
mittent attacks for fifteen months Polyuria, polydipsia and nocturia (urination 
three or four times each night) had been present for one year or so Physical 
examination was noncontributory The roentgenogram showed two small stones 
m the right ureter The phenolsulphonphthalem excretion was normal, as was 


Table 1 — Pieopeialwe and Postopeiative Setum Calcium and Inorganic 
PJiosphotus Values foi A P 



Calcium, 

Phosphorus, 
Mg per 100 Cc 

Phosphatase, 


Date 

Mg per 100 Cc 

Bodnnslvi Units 

Comment 

11/29/33 

15 0 

22 


t 

12/ 4/33 

13 9 

22 



12/11/33 

12/19/33 

12/26/33 

15 4 

22 

4 5 

Pirst operation 

1/ 9/34 

14 1 

17 



1/22/34 

13 7 

19 



1/29/34 

13 7 

23 

7 o 


2/ 3/34 

13 8 

1 9 

57 


2/27/34 

14 0 

23 



2/28/34 

3/ 3/34 

13 3 

22 


Second operation 

3/ 7/34 

12 0 

22 



4/11/34 

11 4 

22 



6/ 7/34 

13 1 

27 



6/22/34 

13 8 

28 



6/25/34 

13 6 

27 




the nonprotein nitrogen level in the blood The urine at that time was reported 
as normal The stones were removed at operation 

The routine test for serum calcium and inorganic phosphorus showed these 
values to be 15 1 and 1 8 mg per hundred cubic centimeters 

The diagnosis of hyperparathyroidism was clear Roentgenograms of the 
bones showed no evidence of bone disease, which corresponded with the fact that 
the patient had had no symptoms referable to such involvement Further examina- 
tions of the urine showed it to be loaded at times with fine granular casts of a type 
which we now associate with hyperparathyroidism - 

Operation was performed on Feb 16, 1934 A parathyroid tumor, measuring 
1 5 by 1 by 0 6 cm , was found below the right pole of the thyroid at the sterno- 
clavicular junction This was removed Directly beneath this was a second, much 
larger tumor that lay on the surface of the prevertebral fascia and the postero- 
lateral aspect of the trachea and esophagus , anatomically it could well have been 
a tumor of the right superior parathyroid body descending on the deep plane of 
fascia This likewise was removed It measured 4 5 by 3 5 by 2 5 cm 


2 Albright, F and Bloomberg, E , to be published 
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The histologic structure of the two tumors was identical and similar to that 
of the three tumors m case 15 and dissimilar from that of the tumors m our first 
14 cases 

The preoperative and postoperative serum calcium and phosphorus values are 
shown in table 2 

Case 17 — J M M, a married woman of 55, entered the urological ser\ice on 
Dec 1, 1933, with the diagnosis of right ureteral calculus Right renal colic had 
developed fourteen months previously, and she had had intermittent attacks since 
that time There was no history of polyuria, polydipsia or passage of gravel 
The past history showed syphilitic periostitis diagnosed m 1927, for which she 
had had adequate treatment At the age of 36, one pregnancy terminated with a 
miscarriage at six months An uneventful menopause occurred six years before 
admission There was no history of symptoms related to involvement of the 
skeleton Her teeth had all been removed twenty-five years previously because 
of “decay ” She ate little meat and drank almost no milk 

The physical examination revealed little of importance The blood pressure 
was 170 systolic and 95 diastolic She was moderately obese 


Table 2 — Pi eopci ative and PostoPei ativc Scum Calcium and Inoi game 

Phosplwuis Values foi T F 



Calcium, 

Phosphorus, 


Date 

Mg per 100 Cc 

Mg per 100 Cc 

Comment 

2/14/34 

15 4 

20 

High calcium, high phosphorus diet 

2/15/34 

15 3 

29 


2/16/34 

ICO 

25 

Operation 

2/l'r/34 

11 9 

20 


2/19/34 

11 7 

25 


2/2S/34 

10 8 

22 


4/13/44 

10 2 

23 



Roentgen examination of the kidneys with lopax revealed bilateral double 
ureters with a stone in one of those on the right The heart was enlarged, and 
there was calcification in the aortic knob 

The renal function, as judged by the fractional phenolsulphonphthalein excre- 
tion, was normal The urine show'ed white cells and red cells The nonprotein 
nitrogen content of the blood w'as 31 mg per hundred cubic centimeters The 
Wassermann reaction w'as positive and later negative 
The stone w'as removed on December 5 

The routine determinations of serum calcium and inorganic phosphorus show^ed 
a calcium content of 12 7 mg and a phosphorus content of 2 4 mg , these were 
checked at 14 mg and 3 mg The serum phosphatase w'as 4 2 Bodansky units, a 
normal figure, wdnch supported the clinical impression that there was no bone 
disease The diagnosis of hyperparathyroidism seemed assured 

Special roentgenograms of the skeleton failed to demonstrate skeletal disease 
The parathyroid region w'as explored Four parathyroids w'ere found at the 
four poles of the thvroid All were greatly enlarged Three of the glands were 
removed, leaving the right upper one, from wdnch a small bit was taken for 
histologic examination 

The w-eights and dimensions of the glands remo\ed were as follow's left upper, 
2 Gm, 2 by 2 by 1 cm , left lower, 0 6 Gm , 1 by 0 8 Iw 0 4 cm , right low'er' 
0 8 Gm , 1 8 by' 1 2 by 0 4 cm 
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The histologic structure of these four glands was similar to that of the three 
glands removed m case 15 and the two glands removed in case 16 The preopera- 
tne and postoperative serum calcium and inorganic phosphorus values are given 
in table 3 

HISTOLOGY 

A histologic study of the paiathyioid tissue removed in these 3 cases 
reveals two important facts In the first place, the microscopic picture 
is everywhere similai in the different glands of the same patient and 
m those of the different patients , in the second place, it is entirely differ- 
ent fiom that seen m the otliei 16 cases (figs 3, 4 and 5) 

Although the single tumoi nodules aie veiy variable among them- 
selves as legards histologic stiucture, the following brief composite 
desciiption will be given foi cOmpaiisQH A more complete report of 
the study of the morphology of both types of tumoi s is being prepared 
by one of us (B C ) 

Table 3 — Picopeiative and Postopeiahvc Scium Calcium and Inorganic 
Phospliouts Values j 01 J M M 



Calcium, 

Phosphorus, 

Date 

Mg per 100 Cc 

Mg per 100 Cc Comment 

12/ 3/33 

12 7 

24 

12/11/33 

14 0 

3 0 Scrum phosphatase, 4 2 Boflansky units 

2/ 3/34 

12 4 

2 1 

2/14/34 


Operation 

2/1S/34 

10 9 

22 

2/17/34 

10 8 

22 

3/ 6/34 

113 

28 

3/22/34 

10 8 

31 

4/ 3/34 

10 3 

31 

6/ 9/34 

10 7 

30 

6/20/34 

10 2 

31 

6/25/34 

IOC 

30 


The single tumoi s aie usually composed of hypei chromatic chief 
cells, slightly laiger than the noimal chief cell Occasionally these 
cells are twice the noimal size and aie multinucleated No mitotic fig- 
ures are seen The cells are aiianged in columnar, glandulai oi pseudo- 
glandular formation and often show definite palisading In addition 
to the pure chief cells, theie aie often cells with watei -clear cytoplasm 
(wassei'hellen Zellen) The latter are larger than the chief cells and 
have more sharply demaicated cell membianes, and their cytoplasm is 
piactically nonexistent owing to vacuolation Such cells have a tendency 
to arrange themselves in ciicumscnbed, closely packed, nonalveolar 
gioups of varying sizes, but only m rare instances do they comprise 
most of the specimen Transition forms between the chief and the 
water-cleai cells are met with in many cases Finally, as m the normal 
parathyroid, almost all of the single tumors contain oxyphil cells, eithei 
singly or in groups of varying size The two other important differences 
from the normal are the increased vasculaiity and the decrease oi absence 
of fat cells 
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In the glands from the 3 cases of multiple enlaigements reported 
heie the cells are all of the same type, a zvasscrhelle Zclle which is much 
largei than the same type of cell as it occurs in the solitary tumors 
Furthermore, theie is an increased tendency to glandular arrangement 
Fat tissue is absent There is almost no intracellulai fat Oxyphil 
cells, chief cells and mitotic figures are absent The homogeneity of 
structure, the size of the cells, the clearness of the cytoplasm and the 
tendency to glandular formation, however, are the features which char- 
acteiize this condition 



Fig 5 — Photomicrographs illustrating the uniformity of structure of the para- 
thyroid tissue in the 3 patients under consideration A shows tissue from T F , 
B, tissue from J M M , and C, tissue from A P 

COMMENT 

It IS apparent m these 3 cases that some factor was present causing 
hyperplasia of all parathyroid tissue Furthermore, hyperplasia of the 
parathyroids can apparently be divided into two types that in which 
there is an increased need for the hormone, a compensatory hyperplasia 
as It were, and that in which some factor drives the parathyroid tissue 
to produce more hormone than is needed Examples of the former are 
the hyperplasias seen in calcium privation, piegnanc)^, rickets, osteo- 
malacia and possibly long-standing renal insufficiency In these condi- 
tions, because of adverse circumstances an increased amount of hormone 
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IS appal ently needed to maintain a normal calcium IcacI In the 3 
cases reported in this paper, ho\ve\er, the hyperplasia actually produced 
a quantity of hormone beyond that which was needed The hyperthy- 
roidism of exophthalmic goiter is an analogous example of a hyperplasia 
giving rise to more hormone than is needed 

The question arises as to what factor could he causing this hyper- 
plasia Hertz and Kranes ^ have shown that extracts of the pituitaiy 
gland contain a parathyi eotropic substance which will cause hyperplasia 
of the parathyi Old glands of lecipient animals The possibility suggests 
itself, therefore, that theie may he hyperfunction of this factor in the 
pituitaries of these patients 

It consequently becomes of interest to considei what evidence theie 
IS, in these or in similar cases, of an underlying pituitaiy disorder 
Eleven cases of multiple paiathyroid enlaigements reports of which are 
abstracted fiom the literatuie throw considei able light on this aspect of 
the question They have been collected fiom a total series of 101 proved 
cases of hyperpaiathyioidism which have come to the author’s attention 
These 101 cases are by no means a complete senes Of couise, the fact 
that a person has two enlarged parathyroid glands does not, per se, mean 
that hypeiplasia and not multiple adenoma formation is present How- 
evei, the piesence of enlaigement in two glands certainly suggests hyper- 
plasia, and some, if not all, of these 11 cases ceitainly are analogous 
to our 3 cases 

CASES FROM THE LITERATURE 

Case 1 (Schmorl,^ Molmeus °) — A woman, aged 48 at the time of death, 
had had symptoms of a pituitar 3 '' tumor since she was 20 She presented the 
sjuiiptoms of Cushing’s disease,® with amenorrhea, hirsutism and obesity, plus the 
symptoms of osteitis fibrosa cystica At autopsy the pituitary tumor was found 
to be a basophilic tumor One parathyroid gland measured 2 3 by 1 1 by 1 2 cm , 
all the glands were enlarged The kidneys were contracted She had a colloid 
goiter Histologically, the parathyroid tissue was apparently not so remarkable as 
in our 3 cases 


3 Hertz, S , and Kranes, A Parathyreotropic Action of the Anterior Pitu- 
itary Histological Evidence in the Rabbit, Endocrinology 18 350, 1934 

3a Since this paper went to press 4 additional patients have been studied and 
operated on, bringing our series to 23 cases Case 23 was exactly similar as 
regards the parathyroid pathologic changes to the 3 cases here reported Both 
cases 20 and 21 showed two parathyroid adenomas, making it clear that the 
presence of two enlarged glands does not necessarily mean that generalized hyper- 
plasia is present This whole subject will be discussed in detail in a paper by 
Castleman and Mallory to appear in the American Journal of Pathology 

4 Schmorl, G Munchen med Wchnschr 59 2887, 1912 

5 Molineus Ueber die multipleii braunen Tumoren bei Osteomalacic, Arch 
f khn Chir 101 333, 1913 

6 Cushing, H Further Notes on Pituitary Basophilism, J A M A 99: 
281 (July 23) 1932 
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Case 2 (Hoffheinz '^) — The patient died at the age of 42 with uremia, having 
had typical symptoms of osteitis fibrosa cystica Autopsy revealed, besides the 
skeletal disease, bilateral nephrolithiasis, calcium deposits in both kidney paren- 
chymas, multiple adenomas of both suprarenal cortices, atrophy of both suprarenal 
medullas and multiple parathyroid tumors (measuring in their largest diameters 

5 5, 4 5, 2 and 1 4 cm ) All parathyroid tissue, including that of a fifth minute 
body m the thyroid, was composed mainly of wassci Itellcn Zellen and was probably 
not unlike that in our cases The pituitary findings were not striking 

Case 3 (Godel s) — The patient was a woman 42 years old at the time of death 
Autopsy revealed that both lower parathyroid glands were markedly enlarged 
(5 and 10 cm in their longest diameters) The upper parathyroids were not 
found The kidneys showed calcium casts The skeleton showed typical Reck- 
linghausen’s disease The histologic appearance of the parathyroid glands in this 
case, as reported, does not suggest similarity to our cases 

Case 4 (Paul — A man, who died at the age of 56, had lost 13 Kg in the 
previous two years by dieting At autopsy two parathyroid tumors, each about 

6 cm in the longest diameter, were found There was, in addition, marked enlarge- 
ment of the suprarenal cortices with adenoma formation in them Together they 
weighed 65 Gm (normal weight circa 12 Gm ) The kidneys were enlarged and 
finely granular The urine had shown albumin and hyaline casts, and the non- 
protein nitrogen level in the blood before death had been 100 mg per hundred 
cubic centimeters The blood pressure likewise had been elevated (184 systolic and 
100 diastolic) Histologically, calcium deposits were present in the liver, kidnejs 
and blood vessel walls The cells of the parathyroid parenchyma were described 
as clear, lightly staining cells with marked alveolar formation The bones showed 
typical osteitis fibrosa cystica 

Case 5 (Hellstrom ’■o) — A woman of 44 had typical osteitis fibrosa cystica of 
at least five years’ duration Catamenia was still regular She had one son, 
aged 19 A parathyroid gland, the size of a walnut, was removed from the left 
side This was attended by only a slight fall in the elevated serum calcium level 
Subsequently an equally large gland was removed from the right side The serum 
calcium then returned to normal The histologic appearance of the two glands 
was similar The cells had “small nuclei rich in chromatin and a light somewhat 
finely granular protoplasm scarcely stainable with eosin ’’ The tendency to alveolar 
and cystic formation was stressed 

Case 6 (Bergstrand ^i) — ^The patient was a 57 year old woman, the mother 
of three children Her symptoms of hyperparathyroidism started simultaneouslv 
with the cessation of the menses, at the age of 55 Her blood pressure was ele- 

7 Hoffhemz, S Ueber Vergrosserungen der Epithelkorperchen bei Ostitis 
fibrosa und verwandten Krankheitsbildern, Virchows Arch f path Anat 256 705, 
1925 

8 Godel, A Epithelkorperchentumoren bei tumorbildender Ostitis fibrosa, 
Wien klin Wchnschr 38 247, 1925 

9 Paul, F Ostitis fibrosa generalisata Epithelkorperchen und Nebennieren, 
Beitr z path Anat u z allg Path 87 503, 1931 

10 Hellstrom, John Hyperparathyroidism and Osteitis Fibrosa Generalisata, 
Acta chir Scandinav 69 237, 1931 

11 Bergstrand, H Ostitis fibrosa generalisata Recklinghausen mit pluri- 
glandularer Affektion der innersekretonschen Drusen und rontgenologisch nach- 
weisbarem Parathyroideatumor, Acta med Scandinav 76 128, 1931 
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vated when first seen but diminished as time went on Her basal metabolism was 
slightly elevated Polyuria was marked Rare granular casts without albumin 
were noted (cf case 16) 

At autopsy there were found h>perplasia of all parathyroid glands, hyperplasia 
of the thyroid gland, nephrosclerosis, cholelithiasis and Recklinghausen s disease 
of the bones The pituitary w^as histologically and grossly normal The lower 
right parathyroid measured 4 5 by 2 5 by 3 cm , and the upper left, 4 5 by 2 by 
0 5 cm , the remaining two glands were twice the normal size The suprarenals 
weighed 10 Gm apiece There was a leiomyoma of the uterus The kidneys 
siiowed calcium deposits, which were most marked in the tips of the pyramids 
(cf granular casts, cf also Albright and Bloomberg 2) All of the parathyroid 
tissue had the same structure It consisted of "large, epithelial cells, rich in proto- 
plasm ” There was a tendency to form follicles No colloid was seen The cells 
contained no fat or only the least bit There were no Welsh cells The author 
called attention to the analogy with exophthalmic goiter 

Cases 7 and 8 (Hunter ^2) — Each of 2 patients reported on by Hunter had 
two enlarged parathyroids The first patient, on whom autopsy was performed, 
W'as a woman of 49 with a history of osteitis fibrosa cystica for eight years at 
the time of death She had had four children Autopsy showed calculi in the 
pelvis of one kidney, advanced bone lesions and two parathyroid tumors (11 and 
2 8 cm in their longest diameters) Histologically, Dr Turnbull considered these 
hyperplastic rather than neoplastic and noted that the majority of the cells were 
“principal cells in the dropsical or ballooned state” 

The other patient was a woman of 51 who had had osteitis fibrosa cystica for 
at least three years She had had three children Calculi were present in both 
renal pelves, and albuminuria was marked At operation the two upper parathy- 
roids were found to be normal and left in place, two tumors were found and 
removed They measured 2 and 7 5 cm in their longest diameters Tetany devel- 
oped postoperatively On histologic examination these glands were composed of 
pale oxyphil cells 

Cases 9 and 10 (Hanke^^) — Both of the patients who came to autopsy whose 
cases were reported by Hanke had multiple tumors His second case, that of a 
woman of 40, was more nearly analogous to the cases here under consideration The 
patient died with advanced osteitis fibrosa cystica One parathyroid was the size of a 
hen’s egg and one the size of a walnut, and two were the size of peas All histo- 
logically showed almost exclusively wassetJiellen Zellen in alveolar and follicular 
arrangement There was a small cortical adenoma in one suprarenal There were 
changes m the pituitary of questionable significance The kidneys were granular 
and contained parenchjTOatous calcium deposits 

The first case was that of a woman who died at the age of 33 with advanced 
bone disease She had two very large parathyroid glands, but histologic examina- 
tion showed these to be composed of oxyphil cells The suprarenal glands were 
large (7 47 and 7 3 Gm ) There were calcium deposits in the kidneys The 
pituitary showed localized areas of chief cell hyperplasia 

12 Hunter, D Hyperparathyroidism Generalized Osteitis Fibrosa (With 
Observations upon the Bones, the Parathjroid Tumours, and Normal Parathyroid 
Glands by Herbert jM Turnbull), Brit J Surg 19 203, 1931 

13 Hanke, H Pathologische und theoretische Untersuchungen uber Osteo- 
dystrophia fibrosa (v Recklinghausen) und ihre Beziehung zu Epithelkorperchen- 
tumoren, Arch f klin Chir 172 366. 1932 
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Case 11 (Abel et al i-*) — The patient was a -woman of 58 with typical osteitis 
fibrosa cystica from whom two parathyroid tumors were removed, one “three 
times normal size” and one the “size of a walnut” Tetany developed on the sixth 
day following the operation 

COMMENT 

In addition to these 11 cases there aie in this series of 101 cases 
3 others with multiple tumors Two of these (one reported by Moli- 
neus,® in a woman of 59, and one by Beck,^'^ in a woman of 41) are 
not considered because the evidence for uniform hypeiplasia is rather 
scanty The other, that of a boy of 20 repoited by Hubbard and Went- 
worth,^® was left out since the cause for the hyperplasia was probably 
lenal disease Whereas hyperpaiathyioidism certainly causes renal 
disease, renal disease may cause hypeiplasia of the parathyroids (see 
discussion in a pievious paper In none of our 3 cases was there 
sufficient renal insufficiency to suggest this as the cause of the hyper- 
plasia In several of the cases cited from the literature, however, this 
factor cannot be entirely luled out We lecently had an opportunity, 
fuithermore, to study the glands in a patient with multiple enlarged 
parathyroids who died with uremia fiom long-standing renal disease 
The histologic pictuie in this case was not similar to that in the 3 
cases here reported 

If one focuses on the 11 cases abstracted from the literatuie and 
the 3 cases heie repoited, one finds consideiable circumstantial evidence 
incriminating the anteiior lobe of the pituitar) 

In the first place, it is now well established that there is an increased 
excretion of the gonad-stimulating hoimone of the anterior lobe of the 
pituitary in the mine during the menopause and foi }ears later This 
inci eased excretion was present in both of our female patients (aged 
62 and 65) Hellstiom’s patient was a woman of 44, Bergstrand’s 
patient had the onset of her symptoms at the menopause, Huntei’s 2 
patients were 49 and 51, respectively, Hanke’s second patient was a 
woman of 49, the patient observed by Abel and his associates was a 
woman of 58 Eight of the 14 patients, therefore, probably had an 
inci eased activity of this factor of the pituitary as pait of the menopause 
On the other hand, oui male patient gave a negative leaction to a test 

14 Abel, A L , Thomson, G , and Hawksley, L M Generalized Osteitis 
Fibrosa Case Successfullv Treated by Removal of Parathvroid Tumours, Lancet 
2 525, 1933 

15 Beck, A Arch f khn Chir 152 123, 1928 

16 Hubbard, R S , and Wentworth, J A A Case of Metastatic Calcification 
Associated with Chronic Nephritis and Hyperplasia of the Parathyroids, Proc Soc 
Exper Biol & Med 18 307, 1921 

17 Albright, F , Baird, P C , Cope, O , and Bloomberg, E Studies on the 
Physiology of the Parathyroid Glands IV Renal Complications of Hyperpara- 
thyroidism, Am J M Sc 187 49 (Jan ) 1934 
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for this substance We ha\e, furthermore, evidence which shows that 
the parath} reoti opic substance of Hertz and Kianes is not identical 
with the gonad-stimulating hoimone fiom the pituitai} 

The gonad-stimulating hormone of the pituitaiy is thought to be 
connected with the basophilic cells of that organ Theiefoie, the case 
of Schmorl and Molineus, m which a basophilic adenoma was present, 
again suggests a lelationship with this hoimone, in an}'" case with the 
pituitary Cushing,® of couise, has emphasized the presence of osteo- 
porosis in patients suffering fiom basophilic tumois of the pituitar}, 
and has piedicted parathyroid hypeiplasia in such cases 

The anterior lobe of the pituitaiy, furthermoie, exeits a marked 
stimulating effect on the supraienal coitex Of the 14 patients undei 
consideration, 7 weie examined post moitem Of these 7, Hoffhemz’ 
patient showed multiple cortical adenomas, Paul’s patient had maikedly 
enlarged supiarenals (65 Gm together) , Bergstrand’s patient had 
enlaiged supiarenals (10 Gm each), and both of Hanke’s patients had 
enlaiged supiarenals and 1 had an adenoma of the supraienal coitex 
The suprai dials weie not mentioned as being hypeitrophied in Molineus’ 
patient with t} pical Cushing’s disease, but this is a pai t of that condition 
Theie is, theiefoie, evidence incriminating the suprarenal coitex- 
stimulating factoi of the anteiior lobe of the pituitaiy in these cases 
as well 

Theie the mattei must remain foi the time being It seems almost 
ceitain that such patients have an ovei abundance of a paiathyioid- 
stimulating factoi , it seems not unlikely that this is identical with the 
substance described by Hertz and Kranes Even so, what i elation such 
a substance beais to other pituitary factoi s lemains for the future to 
deteimine With the aid of Di Heitz, studies aimed at the isolation 
of a parathyroid-stimulating factor from the urine of these patients 
aie being conducted 

The treatment of geneialized h)peiplasia of paiathyroid tissue with 
hypeipaiathyioidism is still to be woiked out Certain facts seem 
apparent Surgical inteivention diiected at the parathyroid glands has 
ceitain difficulties with which to contend Complete removal of all para- 
thyioid tissue must be avoided until a more satisfactor}- replacement 
tieatment is available A subtotal remo-val will be satisfactory only if 
something analogous to what occurs m exophthalmic goiter is found 
to hold foi this condition Thus, if it is learned by experience that 
there is a certain fixed amount of Inperplastic tissue which can be left 
in place — too little to regenerate and again cause hyperparathyroidism 
but sufficient to pie\ent the parath} reoprnic state — then and only then, 
uill the condition be amenable to surgical treatment To leain how much 
such a fixed amount might be. if existent at all. it a\i11 be necessary m 
such cases that the suigeon endear or to see all parath} roid tissue and 
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to know exactly what is being removed and what is being left behind 
Figure 6 has been constructed with this in view Case 17 is especially 
instructive, as all of the glands were accounted foi A glance at table 3 
shows that the desired end was obtained to date in this patient It is 
of course too eaily in any of these cases to discuss the lesults of treat- 
ment We merely wish to outline the problem Roentgen iriadiation 
may even have to be leconsidered Although it has not been of value 
in this clinic in cases of parathyroid adenoma it may help in the cases 
of hyperplasia 

The pathologist may be of considerable help to the surgeon at the 
tune of operation The histologic structure in these cases is so charac- 
teristic that a frozen section from a biopsy specimen from the first gland 
found should make it cleai whethei the condition under consideration 



Fig 6 — A schematic representation of parathyroid tissue removed (solid black), 
parathyroid tissue seen and left (diagonal lines) and parathyroid glands not 
accounted for (dots) This figure was drawn to scale but has been much reduced 
m size in the printing The glands not accounted for were draw n with dimensions 
of 0 5 by 0 5 cm , the approximate size of a normal gland 


IS piesent If it is, exploiatiou suiely should be continued If not, it 
does not mean that there may not be othei enlarged glands, as certain 
cases in the literature ceitainly suggest the possibility of multiple adeno- 
mas, but they are much less likely to be present In case 18 in this 
senes an exploration difficult because of an adenomatous thyroid was 
discontinued when the frozen section of the parathyroid enlargement 
removed was interpreted as not showing hyperplasia 

We attach no significance to the fact that none of oui 3 patients 
had bone disease We consider this a complication of the disease, depen- 
dent on duration, degree and dietary habits, rather than a necessary 
feature The metabolic findings were typical of hyperparathyroidism 
The data for the urinary excretion of calcium and phosphorus were 
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not given, but vci) large amounts r\ere excreted by patients 15 and 16, 
for whom these ^alues ^^ere deteimined 

so M MARY 

Three patients with clinical h}peipaiath) loidism weie found at opei- 
ation to have multiple paiath)ioid enlaigements. consideied to represent 
hrperplasia of all paratlnioid tissue 

The histologic stiuctuie of the glands in these patients dift'eied 
maikedly from that in 16 cases from the clinic m which only solitaiy 
paiathyioid enlaigements weic piesent The distinctive features weie 
the umfoimity of stiucture, the enoimous size of the cells, the extreme 
clearness of the cytoplasm and the tendency to glandulai foimation 
A distinction is made betr\een paiath}ioid hypeiplasia with hypei- 
parathyioidism and compensatory hyperplasia of the parathyroid glands 
An analogy betu een the f oi mer and exophthalmic goiter is made 

H 3 peiplasia of the paiath}ioid glands with hypeiparathyioidism 
IS consideied a disease entiU 

The suigical tieatment of paiath}ioid h}perplasia with hypeipara- 
th}ioidism bungs up some inteiesting questions Thus lemoval of two 
enlaiged glands in one of these patients was without effect on the serum 
calcium and moiganic phosphoius le\els Eren with removal of suffi- 
cient tissue to altci the blood chemistiy satisfactorily, the condition 
IS apt to lecur It is still undecided uhethei this condition can be handled 
by suigical means 

A leriew of 101 cases of h)peipaiath)ioidism lerealed 17 cases, 
including these 3 m uhich theie were multiple paiathyioid enlarge- 
ments Seveial aie undoubted!}' similai to the ones here leported 

The lecoids of the cases of multiple parathrioid tumors have abun- 
dant ciicumstantial eridence in them to suggest that the pituitary gland 
is inciiminated 

The cause of the Inpeiplasia is probabh a paiathyroid-stiimilating 
factoi , possibh the one of the anteiior lobe of the pituitaiy desciibed 
b\ Heitz and Kianes 



HYPOGLYCEMIA IN DIABETES ASSOCIATED WITH 
OBSTRUCTION OF THE PANCREATIC DUCT 

ISOLDE T ZECKWER, M D •' 

PHILADELPHIA 

Ceitain lecent expeiimental work has laised points foi discussion 
in connection with an unusual case of hypoglycemia which seemed diffi- 
cult to interpret clinically and pathologically at the time of autopsy 

In lecent years it has been shown that in totally depancreatized dogs 
kept under propei treatment with insulin but not fed law pancreas a 
condition is likely to supervene m which weakness suddenl} develops 
and the dog shows deci eased glycosuria and lower blood sugai, becomes 
sensitive to insulin and finally without admimstiation of insulin dies in 
a state of hypoglycemia At autopsy such an animal shows severe fatty 
degeneration of the livei Fishei/ among othei \\oikeis, desciibed this 
condition incidentall}'’ in a depancreatized dog which died with a blood 
sugai content of only 0 013 pei cent The pathologic condition of the 
liver has been discussed in experiments desciibed by Allan, Bowie 
Macleod and Robinson,- who, however, did not record the blood siigai 
values 01 the response to insulin at this stage They found a fat content 
of the liver as high as 35 5 per cent Many workeis had found that 
feeding diabetic dogs raw pancreas kept them m good condition, and that 
when the feeding of pancreas was discontinued they weie likely to die in 
spite of insulin 

These isolated facts have been gatheied togethei and their signifi- 
cance explained by Hershey and Soskin,^* who showed that in the 
absence of the exteinal enzymes of the pancreas in the depanci eatized 
dog hepatic injury occurred, charactei ized functionally by a low blood 
sugar and sensitiveness to insulin, with death in a state of hypoglycemia 
even though insulin was discontinued, anatomically by gioss degenera- 
tion of the liver and microscopically by fatty changes in the hepatic 
cells They found that when animals who showed the beginning of this 
syndrome were fed lecithin derived from egg yolk they promptly lecov- 
ered, and at autopsy the liver was fiee fiom fat The lecithin had 

Associate in Pathology, University of Pennsylvania School of Medicine 

From the Department of Pathology, University of Pennsylvania School of 
Medicine 

1 Fisher, N F Am J Physiol G7 634, 1923 

2 Allan, F N , Bowie, D J , Macleod, J J R , and Robinson, W L Brit 
J Exper Path 5 75, 1924 

3 Hershey, J M , and Soskin, S Am J Physiol 98 74, 1931 
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appal ently restoied lo the liver its abiht} to foini sugar, which \\as 
inter feied with by the fatty degeneiation In 1932, Best and Heishe} ^ 
studied inoie fully this hepatic insufficienc) in depanci eatized dogs 
which weie not fed law pancreas The stage of hepatic insufficieiic} 
can be precipitated by the feeding of fat When fat is fed to a diabetic 
dog, there is a decrease in glycosuiia, and the blood sugai becomes so 
low that the insulin dosage has to be i educed They said 

We suggest that the explanation of these results is tliat the fat feeding produces 
changes in the liver which inhibit gluconeogenesis in this organ to such an extent 
that the blood sugar is only slightl}' raised alxive the normal level, and \erj’' little 
sugar appears in the urine These animals are apt to die Acrj suddenly, however, 
and the livers are then found to be very friable and to contain amounts of saturated 
fatty acids It is possible to improve “the chemistri ’’ of the diabetic 

organism without improving the clinical condition 

Even when a diabetic dog appeals moiibund m this stage of hepatic 
insufficiency he can be completely lestoied by lecithin 

In 1933 Best, Feiguson and Heishey'^ found that choline hydio- 
chloride given to diabetic dogs pi evented fat fiom accumulating m the 
livei even when the dogs weie fed a diet high in fats but the} now said 
“We can no longei associate, as intimately as pieviously seemed justi- 
fied, the elimination of excess hvei fat and mci eased pioduction of 
sugai ” The admimstiation of betaine, as well as choline, pi evented the 
deposition of fat m the Iivei of normal rats that weie fed fat ” 

Berg and Zuckei ' depiived dogs of panel eatic juice b} means of 
fistulas and by ligation of the pancreatic ducts They desciibed sti iking 
degeneiative changes m the livei which they consideied to be “piactically 
identical with those following panel eatectomy” as desciibed b} Heishey 
and Soskin They did not, howevei, state the blood sugai ^alues oi 
piove that hypoglycemia developed in then animals, but it seems piob- 
able that this hepatic dysfunction would occui in the absence of external 
enzymes of the panel eas, no mattei m what inannei the enz}mes are 
excluded 

Theie is abundant evidence that hepatic damage causes hy^xigly- 
cemia in nondiabetic animals Furtheimore, we know^ fioin the woik 
of Mann and Magath ® that wdien a dog is depanci eatized, resulting m 

4 Best, C H , and Hershey, J M J Physiol 75 49, 1932 

5 Best, C H , Ferguson, A C, and Hershev, J III J Plnsiol 79 94, 

1933 

6 Best, C H, and Huntsman, M E J Plnsiol 75 405, 1932 

7 Berg, B N, and Zuckcr, T F Proc Soc Exper Biol & Iifed 29 68 

1931 

8 Mann, F C, and Magatb, T B Studies on the Plnsiology of Luer, 
Effect of Total Renl 0 ^al of Lner After Pancreatectomy on Blood Sugar Lei el, 
Arch Int Med 31 797 (Tune') 1923 
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hypeiglycemia, and the livei is lemoved the blood sugai falls and the 
dog dies in a state of hypoglycemia These investigatoi s say that the 
experiments 

prove conclusively that the liver is absolutely necessary for the mam- 
tenance of the blood sugar level in the hyperglycemic animal in the same manner 
as in the normal animal The increase in blood sugar following pancreatectomy 
IS dependent on the presence of the liver Without an adequate amount of func- 
tionating liver tissues, the increase in blood sugar following pancreatectomy could 
not occur 

Recent peisonal expeiience with a depanci eati/ed dog that died of 
hepatic insufficiency made vivid the manifestations of this syndrome 
described by Hershey and Soskiii and called to mind an autopsy made 
two yeais ago, in which the patient piesented what seemed to be an 
analogous syndiome In a restudy of this clinical case, certain points 
of similarity and dififeience weie found between the clinical and the 
expel imental findings These comparisons were made in the hope that 
they might prove useful to the clinician \\ho is applying experimental 
facts to the living patient and to the leseaich woikei who is seeing how 
far the aitificial conditions pioduced in animals have a counteipart m the 
spontaneously occuirmg conditions in the human being 

The patient had a histoiy of diabetes, but had been unwulling to 
coopeiate and had received no insulin He came to the hospital mori- 
bund and in a state of hypoglycemia It was stated that he had been 
eating little for a w^eek before admission Intra\enous administrations 
of dextrose promptly brought him out of coma and mental confusion, 
but he relapsed sevei al times into hypoglycemic shock Autopsy revealed 
that pancreatic calculi and calcification had caused almost complete 
atrophy of the acinar and island cells of the panel eas This amazing 
atrophy, wdiich is described later, is the closest possible clinical parallel 
to experimental pancreatectomy in dogs No pancreatic juice w^as avail- 
able to this patient The liver show’^ed degenerative changes micro- 
scopically These are described later 

REPORT OF A CASE 

Case 1 — Hjstoi y — A man, aged 53, was admitted to the University Hospital 
on Jan 28, 1931, in the service of Dr Stengel He died on Feb 2 The chief 
complaint was weakness About two years previously an enormous appetite, 
polydipsia and polyuria had developed During the year preceding admission he 
suffered from weakness and lost 30 pounds (13 6 Kg) Six months previous to 
admission he was unable to continue work He was told at this time that he had 
severe diabetes He W'as unwilling to be hospitalized or to follow a diet He ne^ er 
received insulin He had had constipation for many years Three months previous 
to admission a cough with expectoration and shortness of breath developed During 
the week before admission he lost his appetite, had chills and profuse sweats and 
was extremely weak 
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Evaminalion on admission re\ealed phjsical signs of bilateral pulmonarj’’ tuber- 
culosis The patient appeared almost moribund At tunes be was irrational and 
at times comatose Emaciation w'as cxtrenie Sweating was profuse, and the bod\ 
was cold The urine was free from sugar, and the blood sugar only 0 052 per cent 
Dextrose w'as gn eii intra\enously, and after about half of the solution had been 
introduced, the patient became conscious and carried on a rational conversation 
Although he had not eaten much for a week or more before admission, there was 
no evidence of acidosis due to starvation 

The next day the blood sugar w'as 0 089 per cent The patient’s mental state 
improved, and he took fluids well During the e\ ening he became irrational , he 
wanted to get out of bed and pulled his face into strange contortions The attack 
lasted fifteen minutes, after which he became quiet and rational The feces showed 
the presence of fat in large amounts 

On the third day, the patient ate a diet high m calories On the fourth day, 
the blood sugar w'as 0 263 per cent On the fifth day, he became unconscious 
The blood sugar was 0 100 per cent Intravenous injections of dextrose w'ere 
gnen, following which the patient became conscious and rational On the sixth 
daj’’ he suddenly became unconscious again and could not be revived by dextrose 
administered intravenously, but died The blood sugar on that day was 0 143 per 
cent 

Relevant Ohseivations Made at Autopsy — Postmortem examination was made 
by Dr G H Klinck Jr one and one-half hours after death 

The gross anatomic diagnoses were emaciation, bilateral pulmonar}’^ tuber- 
culosis with cavitation, congestion of the liver and atrophy of the pancreas with 
multiple calculi in the duct 

Histologic diagnoses of pulmonary tuberculosis with caseation and cavitation, 
parcncli 3 ’’matous degeneration and congestion of the liver, atrophy of the pancreas 
and remnants of islet and acinous tissue were made 

Pancreas No pancreatic tissue could be found A tract of rather loose fibers 
containing the splenic artery and vein was found, and the pancreatic duct extended 
from the duodenum to the spleen In this mass numerous hard bodies averaging 
fiom 3 to 15 mm could be palpated, most of them were oblong The pancreatic 
duct was fused and contained large numbers of calculi The duct W'as considerably 
dilated and in some places w^as 16 mm in circumference The w'alls of the duct 
were thick Some of the calculi were spherical, and others oblong, all of them 
were rough and surrounded by a thick, milkj' material 

Three sections wdiich had been taken from the usual site of the pancreas and 
which contained calcareous deposits w^ere studied In tw'o of the sections there 
W'cre extremely small bits of pancreatic tissue consisting of small acini composed of 
tvpical acinar cells, but no islet tissue was found The sections had been decal- 
cified, and the decalcified portions show'ed their characteristic irregular pale bluisn- 
pink, structures One section included a section of a large duct which was lined 
by what appeared to be transitional epithelium Several large vessels were 
included m this section, but they show’ed nothing of interest 

Further examination of the pancreas re^ealed small round areas composed of 
epithelial cells The arrangement of the cells was more like that of the cells of 
islet tissue than that of acinous tissue In most instances the cells w'ere compara- 
ti\eh small, and their nuclei pjknotic Here and there a few^ cells showed 
\esicular nuclei resembling the structure of normal islet cells In addition, a 
number of the islands of epithelial tissue showed areas of Inalinization of the tjpe 
frequently seen in pancreatic islet tissue The size of the bodies was approxi- 



334 


ARCHIVES OF INTERNAL MEDICINE 


mately that of normal islands of Langerhans They were believed to be islands 
showing degeneration of epithelial cells characterized by pj^knosis and hyalinization 

Liver The liver weighed 1,100 Gm and measured 26 by 20 by 7 cm It was 
extremely small in size and weight, but when compared to the weight of the subject 
(40 Kg ) its small size is not out of proportion It was free from adhesions and 
firm and dark On section it cut with increased resistance, and a small amount of 
blood escaped The parenchyma was homogeneous, and no structures of the lobules 
could be made out 

Microscopic sections of the liver were restudied The sinusoids showed an 
excess of red cells uniformly distributed throughout the lobule There was no 
distention of the central veins The hepatic cells showed small vacuoles, but fatty 



Photomicrograph of the liver A few small areas are seen where nuclei have 
disappeared, and in close relation to these areas regeneration is indicated by cells 
with closely placed young nuclei 

changes were not prominent The nuclear changes were the most conspicuous 
(figure) In small areas nuclei were absent Many nuclei were large and stained 
poorly, giving the appearance of lysis Others were pyknotic Many cells were 
newly regenerated, as evidenced by closely placed hyperchromatic nuclei and cj'to- 
plasm more eosinophilic than those of other cells, and these areas of regeneration 
directlv bordered on areas where nuclei had disappeared There were no areas of 
frank necrosis 

COMMENT 

At the time of autopsy, the absence of functioning panel eatic tissue 
explained the patient s history of diabetes, but it was difficult to recon- 
cile this absence with the obvious hypoglycemia before he died The 
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comment of the pathologist at the time was “The low blood sugar 
found just befoie death, m the presence of extreme diabetes, is 
explained by a total pancieatic insufficiency as a lesult of which glyco- 
genic food matei lals passed through the gastro-mtestmal tract unchanged 
and hence in an unabsorbed state Thus the subject may be said to 
have died of pancieatic insufficiency lather than of diabetes ” 

Expel imentally, m the absence of pancreatic juice, theie is an ade- 
quate absorption of fat, piotein and caibohydrate if plenty of food is 
ingested The factor of undernuti ition was impoitant m this case Not 
only did the patient have extensive tubeiculosis with cavitation, but he 
was said to have eaten little for a time befoie admission, and of what 
he ate a certain poition was not digested m the absence of pancieatic 
juice Joslin ° said that in the Allen undernutrition era theie weie 
instances of hypoglycemia m diabetic patients, and that the hist deaths 
weie startling and at the time unexplained He discussed the cases of 
7 diabetic patients (4 of whom were his own) who died m a state of 
hypoglycemia which he asciibed to undernuti ition 

It has been the experience of many that when tubeiculosis develops 
111 a diabetic patient the diabetes may seem to impiove oi entirely dis- 
appeai as indicated by the blood sugar level However, I have found 
no mention of a case m which true hypoglycemia developed when insulin 
was not given Joshn said that piesumably the diabetes improves 
because the burden on the pancreas has been deci eased by undei nutri- 
tion, but with this explanation he stated, “I am not wholly satisfied, 
because it seems illogical to attain stiength thiough weakness ” May it 
not be that fatty changes m the liver, which so often result fiom pul- 
monary tuberculosis, aie hindeimg glyconeogenesis, and that the 
apparent improvement m the “chemistiy” is not leally an impiovement^ 
If this IS true it thiows new light on Joshn’s comment m relation to 
tuberculosis 

Many diabetics are cachectic at the time of death, but this condition has by no 
means modified the disease On the other hand, when cachexia due to a cause 
other than diabetes occurs in a diabetic, it may be responsible for improvement m 
the diabetes 

The question then is Did the hypoglycemia in this patient depend 
on undernutrition oi on deprivation of pancreatic enzymes^ Hypogly- 
cemia due solely to fasting has not been demonstiated m the experi- 
mental animal so far as I am aware On the other hand, in the case 
leported here it is impoitant to emphasize that the hepatic degeneration 
was not so severe as that desciibed in the expeimiental animals depiived 

9 Joshn, E P The Tieatment of Diabetes Melhtus, ed 4, Philadelphia, 
Lea & Febiger, 1928 
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of pancreas The actual amount of fat piesent v,^s negligible, it was 
much less than appeals in the luei of patients showing no hepatic insuf- 
ficiency However, the cells showed diffuse degeneration, and extensive 
regeneration of hepatic cells was evident, which implied that consider- 
able injuiy to the liver had occuiied It is known how^ lapidly hepatic 
cells legenerate After extiipating as much as three fouiths of the 
livei of dogs, Fishbach’^® found regeneiation up to at least foiii fifths 
of the oiigmal weight in two weeks, and Whipple and Speiiy^^ found 
that after severe chloioform poisoning m dogs, involving fiom one thud 
to three fifths of each hepatic lobule, lepaii was almost complete m 
eleven days and quite complete in fiom two to thiee weeks May not 
several days of intiavenous injections of dextiose and feeding have been 
responsible foi the evident regeneration in this patient^ 

Joshn regal ds the association of diabetes wnth panel eatic calculi as 
rare He discussed a case which has a sti iking similaiity to that 
reported in this papei A patient had a blood sugar content of 0 400 per 
cent Four yeais later, after many ii regulai ities m diet and medication 
with insulin, the patient died in a state of hypoglycemia wuth a blood 
sugar content of 0 013 per cent At autopsy the pancreatic duct was 
obstructed by about one hundred calculi In a review^ of 2,800 autopsies 
at the Pennsylvania Hospital, Dillon found only 2 cases of pancreatic 
calculi, in 1 of which there was glycosuiia The patient, dj-ing of tubei- 
culosis, had extieme atiophy of the pancreas due to obstiuction of the 
duct by numeious calculi The oigan weighed onl}- 5 Gm Only a few 
lobules of fibrosed acinar tissue lemamed The statement was made 
“The impiession was that as a secieting oigan the gland must have been 
almost functionless ” Fiom the data given theie is no evidence that 
the patient died in a state of hypoglycemia On the contiaiy, it is stated 
that the toleiance for caibohydiate w^as low’’ Since all depanci eatized 
dogs do not show hepatic insufficiency, piobabl) one should not expect 
every case of obstiuction of the duct m patients to lesult in a state 
of hypoglycemia 

In trying to locate othei cases of panel eatic calculi m which autopsy 
was perfoimed in this depaitment (this includes all of the autopsies at 
the University Hospital and about tw'’o thuds of the autopsies at the 
Philadelphia General Hospital), it w^as found that dining the years fiom 
1917 to 1932, inclusive, the diagnosis of panel eatic calculi had been 
indexed only 5 times in a senes of about 10,300 autopsies Examination 
of the clinical histones of the 5 cases show^ed that the only one asso- 

10 Fishback, F C Morphologic Study of Regeneration of Liver After 
Partial Removal, Arch Path 7 955 (June) 1929 

1909^ ^ H , and Sperry, J A Bull Johns Hopkins Hosp 20 278, 

12 Dillon, E S Bull Aver Clin Lab, Penns 3 d\ania Hosp, no 8, 1924, p 35 
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ciated with diabetes was the case discussed heie The chief points in the 
othei 4 cases aie as follows 

Case 2 — A woman, aged 36, died of pulmonary tuberculosis There was no 
record of the blood sugar Glycosuria was not present At autopsy the pancreas 
showed a number of small calculi in the duct, but there was apparently not much 
atrophy of the parenchyma The liver showed parenchymatous degeneration and 
weighed only 430 Gm 

Case 3 — A man, aged 35, died of lobar pneumonia There was no glycosuria 
There was no record of the blood sugar At autopsy the pancreas was embedded 
in dense adhesions A probe could not be introduced into the pancreatic duct 
Several small calculi were found in the duct There was apparently no marked 
atroplij”^ of the parench}mia 

Case 4 — A woman, aged 87, whose mental condition was ascribed to senile 
dementia, was unable to answer questions No history could be taken Glycosuria 
was not present The blood sugar was 93 mg seventeen da 3 fs before death She 
died from no concrete cause except senility and chronic myocarditis At autopsy, 
likewise, no satisfactory pathologic basis for death was found The pancreas 
showed an almost complete atrophj’' of the pancreatic tissue, with replacement by 
fatty and fibrous tissue The body of the pancreas contained two cysts, one the 
size of an orange and the other much smaller, which on section allowed a skim- 
milk, whitish fluid to escape, in the larger cyst, a small white concretion the size 
of a pea was found The liver weighed 1,020 Gm , and showed mild cirrhosis, 
passive congestion and fatty degeneration This case is the only one that has any 
resemblance to the one with which this paper is chiefly concerned It raises the 
question whether, if a blood sugar determination had been made soon before death, 
it might not have shown a low value 

Case 5 — A man, aged 71, who had digestive disorders of long standing and 
advanced carcinoma of the esophagus, had eaten little before admission The blood 
sugar on that day and twenty-six days before death was 124 mg At autopsy the 
pancreatic duct contained several calculi, back of which the ducts were greatly 
dilated and filled with a white fluid The pancreas was reduced in size, but appar- 
ently the ducts had not been obstructed long enough to cause profound atrophy of 
the parenchyma The liver weighed 1,830 Gm and showed passive congestion and 
fatty changes grossly and microscopically 


SUMMARY 

1 A patient with a histoiy of diabetes but no medication with insulin 
manifested hypoglycemia At autopsy, calculi obstiucted the pancreatic 
duct, with resultant extraordinaiy atrophy of the acini and islands, 
the liver showed degeneiative changes, and theie was pulmonary 
tuberculosis 

2 The clinical condition paialleled experimental pancreatectomy m 
the dog. 111 which it has been shown that hepatic insufficiency results 
from depiivation of the exteinal secietions of the pancieas 

3 Points of similaiity between the clinical case and the experimental 
animal weie (1) the development of hypoglycemia after the hyper- 
glycemic period and (2) hepatic degeneration The latter, however, was 



338 


ARCHIVES OF INTERNAL MEDICINE 


of a minor degree and of a different gross and histologic chaiacter from 
that seen m dogs 

4 The factor of undei nutrition must be consideied m the pioduc- 
tion of the hypoglycemia in this case, but has less experimental basis 
than the effect of loss of external pancreatic secretions 

5 In 10,300 autopsies performed m this department, only 4 other 
instances of pancreatic calculi could be found, none of which was asso- 
ciated with diabetes 

6 It IS suggested that when the liver is damaged through loss of 
the external secretions of the pancreas, especially if the condition is 
aggravated by undernutrition and tubeiculosis, hypoglycemia may result 
m diabetes even in the absence of tieatment with insulin 



INTERATRIAL SEPTAL DEFECT 


H ROESLER, M D 

PHILADELPHIA 

The interatrial septal defect is an anatomically iiell known entity 
Louis (1826), Ecker (1839) and Cruveilhier (1852) stated the 
characteristic anatomic findings in the heart m the presence of a large 
interatrial communication the enormous increase in the volume of the 
heart, which is due to dilatation and hypertrophy of the right side, 
the marked dilatation of the pulmonary artery and its branches, and the 
relative smallness of the left ventricle Rokitansky’s classic monograph 
on septal defects (1875) gives many examples of this malformation as 
well as embryologic explanations Ecker, a pupil of Rokitansky, also 
attempted to correlate the anatomic picture with the clinical picture 
Of the modern clinical contributions there may be mentioned especially 
the articles by Hoefler, Lutembacher, Muller, Assmann, Abbott and 
W eiss and Dressier and Roesler ^ An extensive clinical study with a 
complete review of the literature, however, does not exist 

The detailed anatomic study of a given case permits its classification 
from an embpologic point of view but has apparently not much sig- 
nificance for the chmcofunctional conception of this entity, and the 
recent classification of Costa, arranged in a more distinct form, is given 
here only for the sake of information (table 1) 

MATERIAL 

Sixty-two cases (including the case reported here) form the basis for the 
first part of the study, in each instance a clinical as well as anatomic description 
was available The cases were tabulated, but only the condensed results of the 
tabulation are given here It is obvious that the value of the statistical approach 
is limited, considering that the descriptions of fifty-six different authors over a 
period of one hundred years had to be used The case numbers given m parenthesis 
correspond to those in the appendix 

For certain reasons there have been excluded from this study cases of small 
defects measuring less than about 1 cm m diameter, cases of slits or valvelike 
openings in the septum (functionally separating the atria) and cases of complete 
absence of the septum (cor triloculare biventnculosum) 

It IS well known that several congenital malformations may occur in the same 
heart Cases which showed combinations with a patent ductus arteriosus, pul- 
monary stenosis, interventricular septal defect or a higher grade of coarctation of 

From the Departments of Medicine, Pathology and Roentgenology, Temple 
University Hospital 

1 After this article was completed, the valuable contribution of McGinn and 
White appeared (Am Heart J 9 1, 1933) 
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the aorta were omitted Other cardiovascular malformations were present in 
fifteen of the si\ty-two cases coarctation of the aorta of slight degree (cases 16, 
36, 37 and 42), four leaflets of the aortic valve (case 23), fenestration of the 
aortic valves (cases 5 and 15), two openings of a coronary artery (case 55), an 
abnormal thebesian valve (case 23), abnormalities of the veins of the heart 
(cases 10, 16 and 23), cleavage of the aortic cusp of the mitral valve (cases 15, 
27 and 34) and abnormality m the number or in the development of the leaflets 
of the tricuspid valve (cases 18 and 43) and of those of the mitral valve (case 3) 

REPORT OF A CASE 

Elizabeth V , aged 14 years, was well until the age of 7, at which time cardiac 
decompensation with edema and enlargement of the liver developed The mam 
clinical findings at this time were marked underdevelopment, visible pulsations of 
the veins of the neck, a precordial bulge and slight systolic precordial retraction 
The apex beat was m the sixth intercostal space 10 5 cm to the left of the median 


Table 1 — Classtficafton of Cosfa 



Form 

Explanation 

1 

Complete ab«enee of interntrinl septum 

Fcrsistenco of the primitive common atrial 
ca\ its , abortu o form of the septum inter- 
medium and septum supcrlus 

II 

Complete absence of the inferior portion 
of the interatrial septum, the defect 
locited near the radix of the interven 
tricular septum 

Persistence of the foramen primum with 
agenesia of the septum intermedium 

III 

A gaplike status of the inferior portion 
of the interatrial septum not reaching 
down to the radix of the interventricular 
septum 

Incompietc union between the septum 
superius and septum intermedium 

IV 

Single or multiple defects of the central 
and posterior portion of the interatrial 
septum 

Agenesia of the septum secundum, persis- 
tence of the foramen secundum or of 
multiple equu alent foramina 


line In the third intercostal space the border of the heart was 5 cm to the left 
of the median line Systolic and diastolic thrills were felt over the apex, accom- 
panied by systolic and diastolic murmurs The heart rate was 108, and the rhythm 
regular The pulmonic second sound was accentuated The blood pressure was 
100 systolic and 68 diastolic The temperature vacillated up to 100 F , the respira- 
tory rate varied from 30 to 40 The red cell count varied from 3,850,000 to 
4,520,000, the hemoglobin content was 75 per cent, and the white cell count varied 
from 11,000 to 15,000 

The electrocardiogram (fig 1) showed regular sinus rhythm and a high Pi 
There was no pronounced axis deviation Ti was slightly positive , Ti and Ts were 
iso-electric A deep Qi was present 

The clinical diagnosis was active rheumatic disease of the heart, mitral stenosis 
and regurgitation and an adherent pericardium 

The patient improved under therapy but exhibited marked shortness of breath 
after exertion and was often so weak that she had to remain m bed 

She was repeatedly seen from Feb 23 to April 23, 1933 (fig 2) The findings 
were marked underdevelopment, pronounced pallor and c}^anosis of slight degree 
There was no clubbing of the fingers, but the nails showed an increased curvature 
Dvspnea and orthopnea were present The veins of the neck were congested and 
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showed systolic pulsations A precordial bulge was present The liver was 
markedly enlarged and showed expansile systolic pulsations The outermost cardiac 
action was seen and felt in the seventh left intercostal space in the posterior axillary 
line as a systolic heave of marked amplitude During sj'-stole, retraction was noted 
in the third, fourth and fifth intercostal spaces Pulsations of the heart were felt 
3 5 cm below the epigastric notch, and sometimes a systolic thrill was felt over 
the precordium At the apex and precordium there was a loud, harsh systolic 
murmur with a high-pitched blow A rumbling systolic murmur was heard in 
the epigastrium No diastolic murmur was heard at the base The pulmonic 
second sound was accentuated Along the insertion of the diaphragm inspiratory 
retraction of the intercostal spaces was noted The heart rate was irregular, vary- 



Fig 1 — ^An electrocardiogram taken on Sept 30, 1925 

ing from 80 to 120 There was poor filling of the peripheral arteries The blood 
pressure was 115 systolic and 85 diastolic The red blood cells numbered 
4,160,000, hemoglobin amounted to 12 Gm per hundred cubic centimeters 

The electrocardiogram (fig 3) showed auricular fibrillation with slight axis 
deviation to the right, slurring of the Q R S deflection in leads I and II and notch- 
ing m lead III There was a deep Q wave m lead III The T wave was almost 
iso-electric m lead I and normal in leads II and III 

Roentgen examination (figs 4 and 5) showed that the heart was markedly 
enlarged, with a transverse diameter of 18 7 cm , an oblique diameter of 18 8 cm 
and an internal chest diameter of 21 6 cm This enlargement was obviously due 
to an increase m the size of the right cardiac chambers At the left side the 
conus arteriosus bulged upward and toward the left The aortic arch was visible 
in neither the ventral nor the oblique position There were enlargement of the 
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superior vena cava and encroachment by the left atrium on the iwsterior media- 
stinum, which displaced the esophagus backward and to the right Within the 
pulmonary fields, the branches of the arteries were seen to be prominent and mod- 
erately enlarged, but there was no evidence of actual congestive pulmonary failure 
The pulsations of all of the borders were small, they were practically absent at 
the right side The diaphragm had a low position 

In the terminal stage marked cyanosis developed 

From a diagnostic point of view, a lesion of the mitral and tricuspid vahes 
seemed most likely Adhesive pericarditis was considered as a possibility, but 



Fig 2 — Photograph taken March 6, 1933 The precordial bulge and the 
prominence of the upper part of the abdomen caused by the enlarged liver can 
be seen 

e\idence was not sufficient to prove this diagnosis, especially since systolic retrac- 
tions are commonlj^ seen when the right ventricle forms a considerable jiortion of 
the left contour of the heart Congenital disease of the heart was considered 
because of (1) the marked phvsical underdevelopment, (2) the roentgen evidence 
of hypoplasia of the aorta and the tremendous enlargement of the pulmonary conus, 
and (3) the enlargement of the interpulmonary branches of the pulmonary artery, 
which was of a type that did not correspond to that seen in congestion In brief, 
the diagnosis at the time of the patient’s death was congenital heart disease with 
a superimposed lesion of the mitral and tricuspid valves due to rheumatic heart 




of th^ a 
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disease As to the underlying congenital disease of the heart, the possibility of 
the presence of an interatrial septal defect was mentioned 

Autopsy was performed by Dr Louis A Soloff His report of April 22, which 
I have shortened to the mam observations, is as follows The subject was a pale, 
emaciated, poorly developed white girl, corresponding m de\elopment to a girl 
of about 11 years of age The height was 139 cm The chest was somewhat 
asymmetrical, the left half bulging forward and to the left There vas a moderate 
bilateral hydrothorax, hj'droperitoneum, edema of the lower extremities and con- 
gestion in all of the organs 

The heart was markedly enlarged, fixed in formaldehyde, it weighed 800 Gm 
The anteroposterior diameter of the chest was 19 cm , and the heart with its 



Fig 5 — Roentgenogram of the chest taken at a distance of 7 feet, m the right 
anterior oblique position The enormous increase in the depth of the heart is 
seen The ventral portion of the cardiac shadow is composed of the right 
ventricle and the dorsal portion of the left atrium, which displaces the barium- 
filled esophagus 

pericardial sac occupied fully 17 cm of this Except for a few fine Mohn-hke strings 
of fibrous tissue, extending from the pericardium to the right hilar region of the 
lung, there was no evidence of extrapericardial adhesions The pericardium was 
smooth and thin The parietal epicardium w'as glistening and smooth The heart 
floated in about 100 cc of fluid similar to that present m the abdominal and pleural 
cavities Virtually the entire anterior aspect of the heart wms occupied by a 
tremendously dilated right auricle and ventricle (fig 6) A small strip of the 
left ventricle was visible, approximately 0 5 cm in wndth at the apical region The 
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right auricle measured 6 cm in its anteroposterior diameter, the right ventricle 
was 10 5 cm wide The conus arteiiosus was tremendously enlarged upward and 
to the left and completely obscured the pulmonary artery, which extended directly 
backward toward the vertebra The aorta was almost completely hidden from 
view and was apparently hypoplastic There were many small petechiae running 
parallel and above the aunculoveiitricular junction The visceral epicardium was 
smooth, glistening and transparent There was a moderate amount of adipose 
tissue encircling the heart at the aunculoveiitricular junction The myocardium 
was moderately firm and light brown The left ventricle in its greatest diameters 



Fig 6 — Photograph with the viscera in situ (April 24, 1933) Note the enor- 
mous size of the right atrium and the right ventricle The left ventricle is barely 
visible The aorta is small and the pulmonary artery large The conus arteriosus 
IS huge The diaphragm is low in position 


was 10 by 7 5 by 4 cm The endocardium here was smooth and glistening There 
was a muscular band extending transversely across the left ventricle approxi- 
mately at the junction of the lower and the middle thirds, attached to the trabeculae 
carneae, and in its center giving off a branch anteriorly to the ventricular septum 
The aortic orifice was 5 4 cm in circumference The cusps were thin and glisten- 
ing but not translucent Each one averaged 1 5 cm in width The left ventricular 
wall averaged 1 3 cm in diameter The left auricle in its greatest diameters was 
7 by 4 by 6 cm The posterior mitral leaflet was considerably shortened, thickened 
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and rolled, so that it extended at the greatest part only 0 4 cm from its attached 
margin to its free margin Along the free edge on its auricular surface were many 
thin, firm, elevated verrucous vegetations These were firmly attached to the 
leaflet There was one huge chorda tendineae to which the entire valve was 
attached The anterior mitral leaflet was slightly thickened, opaque and fibrous, 
and It measured 3 8 cm from its attached margin to its free margin The cir- 
cumference of the mitral valve was 10 5 cm The auricular endocardium was 
smooth and glistening but slightly thickened There was a large defect in the 
auricular septum which was seen more clearly from the right side and which will 
be described with the right auricle 

The right ventricle in its greatest diameters was 10 5 by 4 5 by 8 cm The 
endocardium was glistening and thin and raised by numerous flat trabeculae car- 
neae The tricuspid orifice was 17 cm The leaflets were opaque and slightly 



Fig 7 — Photograph of the opened heart as seen from the right side Note the 
interatrial septal defect and the enlargement of the right atrium and the right 
ventricle 

thickened There was an occasional rolled thickening of the free margins of the 
leaflets The right ventricular wall averaged 1 2 cm m thickness The right 
auricle in its greatest diameters was 11 5 by 6 by 6 5 cm The endocardium was 
smooth and glistening but opaque The fossa ovahs was S 5 cm in diameter There 
was a large opening in the upper anterior portion of the fossa which averaged 
1 3 by 4 cm (fig 7) The auricular septum here was extremely thin, averaging 
from 1 to 2 mm There weie many small fenestrations of the fossa ovahs beneath 
and posterior to the large opening These varied in diameter from that of a 
pinhead to 0 4 cm The orifice of the coronary sinus below the fossa ovahs was 
enlarged, being 1 3 cm in diameter, and there were sevei al fairly large fenestra- 
tions of the auricular septum anterior to this which led directly into the coronary 
sinus The right auricular wall averaged 0 4 cm , and the left auricular wall 0 3 
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cm in thickness The orifices of the coronary arteries were patent and apparently 
normal The arteries, however, were not dissected 

Microscopic examination showed acute degeneration of the myocardium and 
fragmentation, fattv infiltration, fibrosis and thickemng of the left auricular endo- 
cardium 

The aorta was lined throughout with smooth, glistening intima At its origin. 
It was 5 4 cm m circumference , 2 cm above the valve it was 5 cm m circum- 
ference, and 10 cm above the valve, 3 8 cm m circumference (fig 8) The 
pulmonary arter} 2 cm above its origin was 9 cm in circumference (fig 9) 
The left pulmonary artery was 1 8 cm in diameter, and the right pulmonary artery, 
1 7 cm m diameter The lungs resembled each other and were crowded upward 
and backward so that they occupied virtually only the upper third of the thoracic 
cage They were covered with thin pleura The microscopic examination indi- 
cated early bronchopneumonia and occasional mild sclerosis of the medium-sized 
vessels 

ANALYSIS or CASrS 

Age — In the sixty-two cases forming the basis of tins study the average age 
of the patients was 36 years, the youngest subject was 11 months and the oldest 


Table 2 — Classificalioit of Subjects into Age Gioups 


Age Group 

^umbc^ o£ Cuscs 

Per Cent 

0-10 

5 

SO 

11-20 

8 

12 9 

21-30 

1") 

24 2 

31-40 

0 

14 5 

41-50 

10 

101 

51-00 

10 

IGl 

01-70 

3 

48 

71-75 

2 

i i 


75 years Death took place within the age groups indicated in table 2 In the 
great majority of the cases death took place with svmptoms of cardiac failure In 
twelve cases death occurred from other causes than cardiac disease These were 
ruptured appendix (case 27), extensive tuberculosis of the lungs (cases 11 and 29), 
operation (case 5G), abscess of the lung (case 14), meningitis (cases 21 and 45), 
leukemia (case 26), renal disease (cases 36 and 39), coronary thrombosis (case 
47) and septicemia (case 18) The average age of these twelve patients was 
32)4 years 

‘S'ci — There were twenty-three cases in males (38 3 per cent), thirty-seven 
cases in females (61 7 per cent) and no statement as to sex in the remaining two 
cases 

Habitus — Physical underdevelopment, including infantilism and dwarfism, was 
noted in twenty-one cases (1, 5, 6, 10, 14, 23, 24, 25, 31, 33, 35, 40, 41, 42, 
48, 49, 52, 55, 59, 61 and 62) Normal physical development was recorded m 
seven cases (4, 12, 18, 22, 27, 39 and 60) As to the former group, the weight 
for two children was 4,250 Gm at the age of 11 months (case 25) and 3,600 Gm 
at the age of 2 years (case 35) 

Pathologic Anatoviv of flic Heait and Gieat Vessels — The defect was usually 
a single one, more rarely multiple , when it was multiple, the most common number 
of openings was two (cases 3, 6, 16, 20, 23, 32, 36, 45, 48, 58 and 60) The defects 
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were usually louncl, but were sometimes oval, with a diameter of from 1 to 5 S 
cm Multiple openings the size of a pinhole occurred in addition to the mam 
defect 

It seems necessary to describe first the frequent occurrence of structural lesions 
other than congenital, namel}’’, valvular deformities, and to follow with general 
considerations of the size and weight of the hearts These valvular lesions were 
of the chionic fibrotic type, and it is not possible to judge their duration A definite 
lesion of the mitral valve was described m thirty cases (cases 2, 4, 5, 6, 12, 15, 17, 
18, 19, 21, 22, 24, 28, 30, 31, 32, 33, 34, 37, 38, 42, 48, 49, 50, 51, 52, 55, 56, 58 and 
62), of which SIX presented the buttonhole type (cases 2, 17, 37, 38, 49 and 51) , 
m others only mitral regurgitation was mentioned (cases 5, 15, 19, 21, 34, 50 and 
52) In two of these cases cleavage of the aortic cusp of the mitral valve was 
mentioned (cases 15 and 34} Tricuspid regurgitation occurred m six of them, 
and aortic regurgitation and/or stenosis in three In addition there are nine other 
cases in which thickening or a lesion of the mitral valve was described (cases 7, 11, 
14, 26, 35, 41, 53, 57 and 59) Association with a lesion of the tricuspid valves 
was found twice , with thickening ot the pulmonary valve, three times , with pul- 
monary regurgitation and thickening of the tricuspid valves, once A lesion of 
the mitral valve was probably present in two other cases (16 and 61), in one of 
which there were also aortic regurgitation and probabl}" stenosis This brings the 
number of definite or most probable lesions of the mitral valve to forty-one 
(66 1 per cent) A lesion of the tricuspid valve without other pathologic valvular 
involvement was mentioned only once (case 54) There was no case with an 
isolated, definite aortic regurgitation and/or stenosis, aortic stenosis being present 
probably once (case 29) In four cases of definite lesions of the aortic valves 
(cases 12, 16, 17 and 58) a definite or probable lesion of the mitral valve was 
present three times In three other cases thickening and slight adhesions of the 
aortic valves were reported (cases 5, 6 and 13), m two of which there were also 
changes in the mitral valves There were two cases with pulmonary i egurgitation 
(cases 7 and 40), in one of which there was also thickening of the mitral and 
aortic valves , in six other cases thickening of the pulmonary valves was reported 
(cases 8, 11, 12, 21, 35 and 41), in five of which there were changes in the mitral 
valves Thus it can be stated that of sixty-two cases with intei atrial septal defect, 
forty-eight (77 4 per cent) had chronic valvular lesions of different degree, affect- 
ing one or several of the valves In addition, functional tricuspid regurgitation 
was mentioned ten times, and pulmonary regurgitation once Normal valves were 
described in five instances (cases 9, 20, 36, 39 and 46), while the status of the 
valves was not mentioned in mne instances (cases 1, 10, 23, 25, 29, 43, 44, 47 
and 60) 

Practically all of the hearts were large or ver}!- large The enlargement affected 
only, or predominantly, the right chambers Hypertrophy was noted as a rule, 
but the dilatation was predominant — almost in disproportion A few figures will 
illustrate the size A heart three times larger than normal (case 4) , a cardiac 
circumference of 47 cm (case 34) and one of 35 cm (case 55) , a content of the 
atria and the right ventricle of 1 liter, a width of the heart of 18 7 cm and a 
height of 13 5 cm (case 1) , a width of 17 cm and a height of 15 cm (case 49) , 
a width of 15 cm, a length of 16 cm and a depth of 13 cm (case 40) , a depth 
of 17 cm ( case 62) , a right ventricle composing three fourths of the heart 
(case 26) , a right atrium the size of a fist (case 24) , a right atrium with a width 
of 12 5 cm and a height of 8 7 cm (case 1) , a right ventricle 10 5 by 4 5 by 8 
cm and a right atrium 11 5 by 6 by 6 5 cm (in a child [case 62]), and a right 
auricle as large as a right atrium of normal size (case 52) The shape of the 
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heart was usually described as globular (cases 39, 40, 57, 58 and 62) If one 
leaves out all of the cases with lesions of the mitral, pulmonary and tricuspid valves 
and also all of the cases in which a description of the valves was lacking, there 
remain five cases (cases 9, 13, 20, 36 and 46) All of them showed hypertrophy 
of the right ventricle and atrium, with the exception of one case (case 36) in 
which there was no dilatation of the right ventricle Only once (case 22) was 
there no cardiac enlargement If one omits all of the cases m which there were 
left-sided valvular lesions or nephritis and all those m wdnch a description of the 
valves was lacking, there remain seven cases (8, 9, 20, 36, 40, 46 and 54) In 
three of them the size of the left side was not given In the remainder (cases 9, 
36, 44 and 54) a moderate enlargement of the left ventricle was mentioned three 
times In one case, there tvas actual narrowness of the left ventricle with slight 
thickening of the wall (case 54) The left atrium w'as moderately enlarged in 
two cases, and markedly enlarged in one (case 40) 

Seen in situ, the anterior surface of the heart was made up of the right cham- 
bers while the left ventricle was barely visible , cases 17, 24, 42, 43 and 62 are 
examples The apex of the heart was often formed by the right ventricle (cases 
33, 42, 49, 54, 57, 58, 60 and 61 are examples) It was due to the enormous size 
of the right atrium that the anterior atrioventricular sulcus was found to cor- 
respond approximately to the median line, it might even he to the left of it The 
conus arteriosus of the right ventricle bulged forward, to the left and upward, 
often reaching the second intercostal space 

The weight of the heart, when stated, was practically always increased In 
proportion to the enormous size of almost all of these hearts, this increase must 
be considered as moderate only The average weight of the heart in nineteen 
patients above the age of 14 jears (cases 3, 7, 9, 11, 15, 16, 17, 18, 20, 23, 26, 44, 
47, 48, 51, 53, 56, 61 and 62) is 574 Gm , the maximum weight being 1,035 Gm 
(case 16) and the minimum being 250 Gm (case 11) The last-mentioned case 
was the only one in this series with a normal \aliie In considering only those 
cases in which either no valvular disease (cases 9, 20 and 44) or one of only 
slight degree (cases 3, 11, 26 and 53) was found, or in which there was only a 
question of a valvular deformity (cases 23 and 47), the average weight was some- 
what lower (469 Gm ) There was evidence that in this group of sixty-two cases, 
hearts with a relatively small defect showed less enlargement than hearts with a 
very large defect It was necessary to give due consideration to the degree and 
number of pathologic conditions of the valves, which ^\ere commonly present 
Seven cases with a defect of 1 5 cm or less m diameter, against five cases with a 
defect of 4 cm or more m diameter, have been tabulated 

The size of the pulmonary artery (the trunk and the orifice) and the aorta 
(the ascending aorta and the orifice), as well as their ratio, was studied The final 
figures are given in table 4 Besides the cases in which actual measurements were 
given, statements of a descriptive character were made in a number of other cases 
In no case was the pulmonary artery or its orifice described as small In five cases 
the pulmonary artery was described as “normal” or “normal in size” (cases 9, 
22, 29, 36 and 60), but it was also stated in every case that the pulmonary arteiy' 
was larger than the aorta The pulmonary artery was described as large and the 
ascending aorta as small, or the pulmonary artery was said to be definitely larger 
than the aorta in twelve cases (cases 2, 8, 17, 24, 26, 27, 37, 38, 42, 50, 54 and 55) 
In no case was the ascending aorta or its orifice found to be larger than the 
pulmonary artery or its orifice The ascending aorta was described as larger than 
normal in two instances (cases 16 and 20), but it was smaller than the pulmonary 
artery One of the patients (case 16) showed coarctation of the aorta In six 
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instances the aortic orifice or the ascending aorta was described as normal in 
size (cases 18, 37, 40, 41, 49 and 57), but it was always smaller than the pulmonary 
artery In conclusion one may stale that the pulmonary artery was always larger 
than the aorta, the average ratio being 3 2 The absolute figures for the pul- 


Tabli: 3 — The Stce of Defect and Kmd of Lesion Conipaicd wiih the Sine and 

M' eight of the Heai t 


Case 

Size of Defect 

Valvular Lesion 

Size (Weight) of Heart 

11 

lem 

None 

230 Gm 

12 

1 by 16 cm 

Double mitral and 
aortic lesion 

Enormous 

17 

1 by 0 8 cm 

Mitral stenosis and 
slight aortic 
regurgitation 

480 Gm , marked enlargement of 
the right side of the heart 

22 

1 5 cm 

Mitral stenosis and 
regurgitation 

Size of a man’s fist 

36 

Size of thumb 

None 

Moderately enlarged 

39 

0 9 cm 

None 

Height, 10 5 cm , tvidth, 13 5 cm 

79 

1 by 1 5 cm 

Endocarditis of the 
mitral valves 

Height, 8 5 cm , nidth, 11 5 cm , 
thickness, 7 5 cm 

18 

3 7 by 5 3 cm 

Mitral stenosis, tri 
cuspid regurgitation 

383 Gm , length, 15 cm , width, 13 
cm , auricles, large 

21 

6 by 3 cm 

Mitral regurgitation, 
tricuspid rogurgita 
tion 

Circumference of the heart, 47 cm 

34 

5 by 5 cm 

Pulmonary regurgi 
tation 

Enormous enlargement, especially 
of the atria, length, lO cm , width, 
12 5 cm , depth, 10 5 cm 

41 

5 5 by 4 cm 

Thickening of one 
pulmonary vah'c, 
thickening of edge 
of mitral valve 

Enormous enlargement of the right 
cardiac chambers, length, 12 cm , 
width, 12 5 cm , depth, 10 5 cm 

53 

4 cm 

Slight lesion of the 
mitral and tricuspid 
valves 

545 Gm , marked dilatation and 
hypertrophy of the right side of 
the heart 


Table 4 — The Siae and Ratio of the Pnhnonaiy Aiteiy and the Aoita 



Average for Ten Cases 

Ma\imum 

Minimum 

Pulmonary orifice 

S 2 cm 1 

iCcases 1, 10, 22, 

23, 20, 30, 48, 

10 0 cm (ease 10) 

0 0 cm (case 30) 

Aortic orifice 

5 4 cm 1 

^56, 59 and 01) 

7 0 cm (case 61) 

4 0 cm (case 50) 

Ratio of the pulmonary on 
flee and the aortic orifice 

15 1 


2 1 (case 48) 

1 1 (case 01) 


Average for Nineteen Cases 



Pulmonary artery 


((cases 0, 7, 10, 



9 2 cm 

13, 15, 18, 20, 21, 

33, 34, 40, 41, 43, 

16 7 cm (ease 40) 

5 0 cm (ease 60) 

Ascending aorta 

6 0 cm 

49, 50, 58, 59, 00, 
and 62) 

8 0 cm (ease 58) 

4 4 cm (case 0) 


Ratio of the pulmonary ar 
tery and the ascending aorta 

15 1 


2 7 1 (ease 33) 

11 1 (case 60) 


monary artery wete usually far above the average normal figures, a normal size 
was rarely encountered The absolute figures for the aorta were usually below 
the average normal figures but occasionally reached them, i e, the pulmonary 
artery was usually large or very laige, the aorta was more often small but occa- 
sionally normal in size 
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The dilatation of the pulmonarsf artery and of its branches may reach enormous 
degrees The trunk was described as aneurysmal (cases 8 and 61) , it had a cir- 
cumference of more than 15 cm in three cases (7, 16 and 40) The branches 

of the pulmonary artery, if mentioned m the description, appeared widened also, 
partly into the periphery itself (cases 1, 5, 7, 10, 20, 23, 33, 38, 40, 41, 54, 56, 59 

and 62) The following figures may serve as an example Left branch 3 cm in 

diameter and two right branches of 2 and 2 5 cm , rcspectivelj (case 40) , a 
left branch of 1 8 cm , and a right branch of 1 7 cm (case 62) An example of 
aneurysmal dilatation of the branches nia\ be cited (case 56), the lett branch 
being 7 cm and the right branch 4 cm m diameter Enlargement of the pul- 
monary veins was also reported (cases 8, 38, 40 and 57) In addition to the find- 
ings of dilatation, changes m the wall of the pulmonary artery and its branches 
were not uncommon Thickness of the wall was found (cases 3, 17, 24 and 34) , 
the wall was abnormally thin, in parts or m toto (cases 7 and 36) Atheromatous 
changes were noted (cases 7, 24, 26, 38, 49, 51, 54, 55 and 62), with chronic 
thrombosis (cases 56 and 57) and with chronic thrombosis and endarteritis 
(cases 14 and 61) The wall of the aorta was described as being unusually thin 
and flexible in six cases (18, 24, 29, 34, 56 and 60) 

As seen in situ, the aorta appeared as a rather small vessel between the superior 
vena cava at the right and the pulmonar} arter\ at the left The pulmonarj arterv, 
as a rule, took a more horizontal course from the front to the back, being displaced 
upward by the enormous conus arteriosus 

A typical description of subacute bacterial endocarditis was not found Ulcerous 
endocarditis with septicemia was found once (case 22) and milder forms of acute 
endocarditis five times (cases 7, 15, 18, 52 and 61) The margins of the interatrial 
defects remained free from these processes 

Chronic pericardial disease was found m only one instance (case 29), and here 
It was combined with an extensive tuberculosis of the lungs 
Crossed embolism was described onh once (case 24) 

Active tuberculosis of the lungs was reported m two cases (cases 11 and 29) 
Malformations besides those in the cardiovascular system were mentioned in 
SIX cases They consisted of acecssorv spleens, absence of one oeari, malformed 
kidney, smallness of one lung, a left lung consisting of three lobes, abnormal short- 
ness of the small and large intestine and boiu anomalies of the ribs, sternum and 
finger 

Roentgenologic Findings — Fifteen patients were submitted to a roentgen exami- 
nation (cases 33, 35, 42, 43, 45, 46, 49, 50, 51, 55, 56, 57, 60, 61 and 62) The 
following results were obtained from studying the illustrations or the descriptions, 
some of the latter being extremel}' incomplete The cardiac shadow always 
appeared enlarged, sometimes to enormous degrees This enlargement extended 
to either side but was predominantly to the left, so that the left lower contour 
sometimes reached the cage of the left inner thoracic rib The general configura- 
tion was globular with a more or less marked prominence in the region of the 
conus pulmonalis and the pulmonary artery (cases 33, 42, 43, 49, 50, 51, 55, 56, 61 
and 62) Absence of enlargement was noted m two cases , m one case (case 45) 
neither an illustration nor postmortem measurements were given, and m the second 
case the pulmonary artery was actually found m postmortem examination not to 
be enlarged (case 60) , the aorta was smaller than the pulmonary artery The 
main branches of the pulmonary artery form the “hili” m the roentgenogram They 
were noted to be enlarged or much enlarged m eight cases (33, 42, 49, 51, 55, 56, 
57 and 62) In two cases marked pulsations of the pulmonary artery were observed, 
but neither organic nor relative regurgitation of the pulmonary valves was men- 
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tioned in the postmortem report (cases 33 and 43, and Assmann’s case 2) The 
hilar vessels were described as not enlarged m the roentgenogram in one case 
(case 43), but no actual postmortem measurements were given These hilar 
vessels, mainly corresponding to the branches of the pulmonary artery, appeareo 
rather sharply defined A low position of the diaphragm was noted in several of 
the illustrations and was definitely seen m my case 

Elccti Qcai diographtc Findings — These were available in seven cases (cases oo, 
46, 50, 51, 55, 56 and 62) One could expect an axis deviation to the right In fi\e 
cases readings were made or were possible, and the deviation was present in cases 
35, 46, 55, 56 and 62 But only in one case was it as marked (case 56) as, for 
instance, in pulmonary stenosis In the other four cases it was present only in 
moderate degree 

Clinical Findings — A definite history of rheumatic disease was found in eight 
cases (5, 14, 31, 33, 37, 50, 52 and 62), a small number as compared with the high 
figure for chronic valvular lesions met with in cases of interatrial septal defect 
No uniformity existed in the duration of symptoms of disturbed circulatory 
function In twenty of the sixty-two cases, no description was given In seven- 
teen cases, the duration was less than one year, usually it lasted a few months 
In twenty-five cases a year or more elapsed between the appearance of symptoms 
and death As to the cause of the onset of lethal cardiac failure, influenza seemed 
to play a definite role in five cases (cases 31, 41, 44, 50 and 55) 

It has already been shown that in a number of cases higher age groups were 
reached The patients withstood well surgical procedures as well as pregnancies 
Anesthesia to operate on cancer of the penis (case 13) and amputation of the 
cervix uteri (case 20) were well supported Nine patients bore one child or more 
(cases 12, 28, 29, 30, 36, 38, 50, 51 and 54) At the time of death, the youngest 
patient was 32 years old and the oldest 74 , the average age was 52 3 years The 
average number of childbirths was 4 7 One patient (case 12) had eleven children, 
one (case 54), ten, one (case 38), seven, and one (case 50), six The patient in 
case 50 became worse during a seventh pregnancy and died during it 

Hemopt 5 '-sis and hoarseness were occasionally observed Hemoptysis (cases 
42, 56 and 57) was not necessarily connected with the presence of mitral stenosis 
(case 57) or cyanosis (case 42) Hoarseness (case 56) was probably well 
explained by aneurysms of the pulmonary artery (recurrent paralysis of the laryn- 
geal nerve), but it was also present when there were only a moderate dilatation of 
the pulmonary artery and absence of disease of the mitral valve (case 43) 

As to the presence of cyanosis, the common occurrence of lesions of the mitral 
and tricuspid valves as an influencing factor must be remembered No statement 
as to cyanosis was made in nine cases In thirteen cases cyanosis was not present 
(cases 12, 20, 21, 22, 25, 27, 29, 30, 31, 34, 37, 42 and 59) In the other forty 
cases It was present at least at some time during life The duration of the 
cyanosis was mentioned in twenty-five of the forty cases In about half of them 
the cyanosis was of long standing and in the other half of short duration, sometimes 
only of terminal character The intensity of the cyanosis was mentioned in twentj^- 
six of the forty cases In about half of them the cyanosis was mild, and in the 
other half intensive, occurring occasionally as a terminal symptom In the group 
m which absence of valvular lesions was definitely stated (cases 9, 20, 36, 39 and 
46) tliere were two instances of absence of cyanosis (cases 20 and 26), two 
instances of cyanosis of long duration (cases 9 and 46) and one instance of ter- 
minal cyanosis of short duration (case 39) Pallor was mentioned fourteen times 
(cases 1, 11, 12, 21, 24, 25, 26, 28, 33, 37, 40, 55, 58 and 62), in seven of which 
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cyanosis was also present Between the pallor and the size of the aorta there was 
no close relationship , the size of the aorta was normal in some instances (cases 1, 
37, 40 and 58) and small in others (cases 21, 25, 26, 33, 55 and 62) Physical 
underdevelopment, however, was closely associated with pallor (cases 1, 24, 25, 33, 
40, 55 and 62) Numerical blood counts and/or hemoglobin determinations were 
recorded in nine cases The figures were above the normal standards m one case 
(case 61) , m another case they were normal on first examination and later higher 
(case 56) , m three cases anemia was present (cases 25, 36 and 46) , the rest of 
the values are normal (cases 35, 47, 55 and 62) Clubbing was mentioned six times 
(cases 9, 23, 48, 56, 60 and 61) and was always found to occur with cyanosis 
Absence of clubbing was present m five cases 

A definite venous pulse m the veins of the neck and/or of the liver was 
described in twelve cases (cases 1, 4, 15, 19, 37, 43, 44, 51, 55, 56, 57 and 62), m 
four of which no organic valvular lesion was mentioned m the postmortem report 
(cases 1, 43, 44 and 57) 

A definite precordial bulge was described twelve times (cases 5, 8, 12, 18, 21, 
33, 34, 36, 40, 55, 57 and 62) and stated to be absent once (case 60) Pulsatory 
lifting of the entire chest or at least of the whole precordium was present eight 
times (cases 5, 15, 16, 19, 33, 53, 55 and 62) The findings in the apical region 
were different The apical beat sometimes appeared to be broadened and not 
located precisely (cases 10 and 33) , once it showed retraction, with normal peri- 
cardial conditions at postmortem examination (case 8), and often it appeared well 
circumscribed and resistant (cases 18, 40, 49, 50, 55 and 62) Marked systolic 
retractions of a number of intercostal spaces, with normal pericardial conditions at 
postmortem examination, were observed (case 62) 

In eleven cases the radial pulse was described as small or hardlj palpable (cases 
3, 4, 9, 14, 23, 28, 32, 44 49, 55 and 62) , in about half of the cases mitral stenosis 
was present (cases 4, 28, 32, 49, 55 and 62) In one case the radial pulse was said 
to be rather full (case 5) , here fenestration and thickening of the aortic valves 
was also reported The presence of a small pulse m the peripherj' was sometimes 
associated with a small aorta (cases 23, 32, 55 and 62) and sometimes not (cases 
44 and 49) Blood pressure readings were reported in twelve cases (cases 36, 42, 

45, 46, 48, 49, 50, 53, 55, 56, 61 and 62) In six of these cases the systolic figure 
was 110 or less, the lowest pressure was 96 S3'stolic and 62 diastolic (case 46) 
In the two cases with high blood pressure, one patient presented chronic inter- 
stitial nephritis and coarctation of the aorta (case 36) and one was m a higher 
age group (59 years, case 53) 

The rhythm of the heart, usually indicated by the pulse, was stated in thirty- 
seven cases A regular rhythm was noted nine times (cases 22, 32, 35, 36, 40, 45, 
54, 55 and 56) , an electrocardiographic record was given m three cases (35, 
55 and 56) A definite lesion of the mitral valve was present m four of these 
cases (22, 32, 55 and 56) An irregular or abnormal rhythm was reported twenty- 
eight times (cases 1, 2, 4, 5, 8, 12, 15, 16, 17, 19, 24, 27, 28, 31, 37, 38, 39, 41, 42, 44, 

46, 48, 49, 50, 51, 53, 57 and 62) In three cases observed over a longer period the 
rhythm was regular but later became irregular (cases 1, 12 and 62) In twenty- 
two of the twenty-eight cases (78 6 per cent) a valvular lesion was found at 
postmortem examination (cases 2, 4, 5, 12, IS, 16, 17, 19, 24, 28, 31, 37, 38, 41, 42, 
48, 49, 50, 51, 53, 57 and 62) An electrocardiogram was given m seven cases It 
showed regular sinus rhythm three times (cases 35, 55 and 56), premature beats 
(cases 50 and 51), auricular flutter once (case 46) and auricular fibrillation once 
(case 62) 
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Statements as to the character of the pulmonic second sound were missing in a 
number of cases In others replacement b> a diastolic murmur was reported An 
accentuation of the second sound over the pulmonic area was reported thirteen 
times (cases 4, 8, 16, 18, 22, 33, 42, 43, 49, 55, 56, 61 and 62) Of these cases 
eleven showed a definite and two a probable lesion of the mitral valve In two 
instances (cases 8 and 43) a mitral lesion was absent The pulmonic second 
sound was described as weak or absent in three cases (9, 12 and 25) In one of 
these (case 9) there was no valvular lesion, m an other (case 12) aortic stenosis 
and regurgitation were found, and m the third (case 25) no statement as to the 
valves was made 

Murmurs were noted in the great majority of cases Presence of murmurs was 
recorded in fifty-two cases and absence in five, no statements were made in four 
cases, and m one case there was “no definite murmur ” In forty-one of the fifty- 
two cases there were one or several valvular lesions present (cases 4, 5, 7, 11, 12, 
13, 15, 16, 17, 18, 19, 21, 22, 24, 26, 27, 28, 30, 31, 32, 33, 35, 37, 38, 40, 41, 
42, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 61 and 62) Thickening of the pul- 
monary valves as a single lesion was reported once (case 8) In six more cases 
a partial or no description of the valves was given (cases 23, 25, 29, 45, 47 and 60) 
The description of an old case (1 [1826]) was very short In one case “no definite 
murmur” was reported, and there was no valvular lesion (case 44) All of the 
four cases in which there was no statement as to murmurs (case 2, 3, 6 and 34) 
showed valvular lesions capable of producing murmurs 

Three cases remain (cases 9, 36 and 46) for a more complete discussion, and 
two cases are added from another group because of the existence of peculiar mur- 
murs (cases 8 and 57) 

Case 9 — The patient, aged 27, was examined eight years before death There 
was a bellows-like sound over the base, presystohc rather than diastolic, and the 
second sound was hardly audible The short postmortem report stated that a 
valvular lesion was absent, that the pulmonary artery was of normal size, and that 
the interatrial septal defect was the size of a five shilling piece 

Case 36 — The patient, aged 26, had a systolic thrill at the base, at the left 
sternal line and down to the fourth left nb A loud, harsh systolic murmur with 
Its maximum at the third left cartilage was heard over the entire front of the 
chest and on the left side of the back There was a suggestion of an apical pre- 
systolic murmur The postmortem reports stated that valvular lesions were 
absent , the pulmonary artery was almost normal in size and thm-walled, and there 
was a moderate degree of coarctation of the aorta (3 cm, as compared with 
4 5 cm for the aortic orifice and 4 cm for the portion beyond the point of narrow- 
ing) The interatrial septal defect was thumb-sized, and there was fenestration in 
the valvula foraminis ovahs 

Case 46 — The patient, aged 5 years, had a loud blowing murmur over the 
entire precordium, which was maximum over the third left intercostal space and 
which seemed to extend into the diastole Later the murmur was no longer heard 
Postmortem examination showed no valvular lesion, but dilatation of the tricuspid 
orifice and marked dilatation of the pulmonary artery The interatrial septal 
defect was 2 5 cm 

Case 8— The patient, aged 10 years, had a purring tremor over the area of 
cardiac dulness and later at the base There was a loud systolic murmur heard 
at the base of the heart, to the right of the sternum at the level of the junction of 
Its upper and middle thirds , later this murmur had a peculiar flapping character, 
especiallj to the left side The pulmonic second sound was accentuated At post- 
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mortem examination there was found a slight thickening of the pulmonary valves 
with an enormous enlargement of the pulmonary artery, and mitral regurgitation 
was also probably present The interatrial septal defect was 8 9 cm in cir- 
cumference 

Case 57 — The patient, aged 52, had a thrill at the apex, a systolic-diastolic 
thrill m the second left intercostal space, a systolic and presystolic murmur at the 
apex, and a systolic and diastolic murmur over the pulmonary area At post- 
mortem examination there was thickening of the tricuspid valves, and to a slight 
degree, of the mitral valves, there was no involvement of the pulmonary valves, 
the pulmonary artery was dilated, with atheroma and thrombosis of its wall The 
size of interatrial septal defect was 4 by 3 5 cm 

Data on the four cases in which absence of murmurs was reported (cases 10, 14 
39 and 43) are given in table 5 As far as any conclusion is permitted from these 
few cases, it seems that an absence of murmur may occur with defects of different 
size and in the presence of dilatation of the pulmonary artery 

A clinical diagnosis was attempted in twenty-one cases in which congenital 
disease of the heart was considered nine times (cases 33, 35, 36, 45, 50, 51, 55, 60 
and 62) — ^four times in combination with lesions of the mitral vahe The diagnosis 


Table S — Data on Cases m Winch Absence of Mntnuns tvas Repotted 


Case 

Age, Yrs 

Size of Defect 

Pulmonary Artery 

Valies 

10 

2 

15 cm 

7 3 cm 

No description 

14 

44 

Index finger 

100 cm , endarteritis 
and thrombosis 

Mitral valves sllghth 
tbicEcned 

39 

50 

0 9 cm 

8 0 cm (orifice) 

No description 

43 

15 

3 0 cm 

7 0 cm 

runctional tricuspid 
regurgitation 


of an interatrial septal defect was correctly made by Abbott (case 36), and con- 
sidered in a few more cases (cases 35, 55, 60 and 62) A lesion of the mitral 
valve was diagnosed fourteen times in twenty-one cases, and in thirteen cases post- 
mortem examination showed the diagnosis to be correct Atherosclerosis of the 
pulmonary artery was diagnosed and proved in postmortem examination in one 
case (55) The presence of a mediastinal tumor was incorrectly assumed in 
case 56, and the patient submitted to an operation from which she died This was 
due for the most part to an erroneous roentgenologic interpretation, aneurysms of 
the pulmonary artery were considered as tumors In two more cases incorrect 
roentgenologic diagnoses were made, as follows tuberculosis or tumor of the 
hilus (case 33) , extensive mottling extending from the pulmonary roots and a 
nonpulsating mass to the right of the heart (case 48) 

COMMENT 

Different explanations of this anatomic type of defect have been 
offered Since nariowness of the aorta is a common finding, it was 
considered to be the primaiy lesion (von Rokitansky) It should lead to 
an increase in pressure in the left side of the heait and thus bring 
about persistence of the interatrial communication In consequence of this, 
enlargement of the right side of the heart and dilatation of the vessels 
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of the lesser circulatJon ^^ouId occur To this explanation the objection 
can be raised that congenital aortic atresia and aoitic stenosis occur 
without interatrial septal defect (Berbhnger) , that actual narrowness 
of the aorta may not be present, though the aorta is smaller than the 
pulmonary artery (cases 18, 37, 40, 41, 49 and 57), and that at an early 
age (m the new-born, according to Seidel, and at 6 months, according 
to Carpentei) no difference in the size of the pulmonary artery and 
aorta was noted, a fact which permits the assumption that the charactei- 
istic variation in size takes place during postfetal development Another 
explanation is that suggested by Lutembacher that the mitral stenosis 
is of congenital rather than acquired character This, during fetal life, 
would provoke a flow in leverse of the physiologic one, namely, from 
the left to the right atrium and would prevent the closure of the atrial 
septum, the blood would finally reach the gi eater circulation through 
the ductus arteriosus Several objections can be made to this theory 
1 In cases of congenital mitral stenosis oi mitral atresia (observed m 
the new-born or within the first few weeks of life) the foramen ovale 
has been found to be almost (Kockel) or completely closed (Ludwig, 
McIntosh) 2 A normal initial ostium (explicitly stated to be so^ was 
found m the presence of an interatrial septal defect (cases 8, 9, 13, 20, 
36, 39, 40 and 46) 3 The common occurrence of auricular fibrillation, 
also observed several times to develop from a regular rhythm, favors 
the conception that an acquired “rheumatic” disease is superimposed 
on the congenital malformation 

It seems best to assume that the interatrial septal defect is the 
primary lesion, and that the characteristic findings of the heart and 
great vessels are secondary resultants The assumption would be that 
a shunt from the left to the right atrium takes place, as a result, the 
right side of the heart and the lesser circulation would handle an 
increased amount of blood, whereas the left side and consequently the 
gi eater circulation would be depiived of an equal amount of blood, 
and this condition would continue throughout life There is no direct 
proof for this theoiy (Gignoux, Cramei and Trommel, Dressier 
and Roesler), but sufficient indirect evidence has been given 1 It has 
been shown in experiments on animals that the pressure m the left 
atrium is higher than that in the right (Straub), which would cause a 
shunt from left to right 2 The size of the right cardiac chambers and 
the pulmonary artery as a rule exceed by far the size of the left cardiac 
chambers and the aorta, respectively This is also found to be the case 
m the absence of valvular lesions and in the absence of an obstacle in 
the lesser circulation, which show^s that blood in more than the normal 
amount is flownng through the right side of the heart and through the 
lesser circulation It is Known that an increased flow per unit of time 
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IS the most effective stimulus to which the heart will respond by hyper- 
tiophy and particularly by dilatation (in 1839 Eckei said “The influx 
of arterial blood into the cavities of the right side of the heart causes an 
increased function”) If the blood shortcircuits, dilatation of the heart 
and hypertiophy result In the case of a peripheral fistula, the blood 
passes through both sides, in the case of a cential fistula, only a pait 
of the heart is propelling the stream of blood deflected (Holman) and 
will thus participate pi edominantly m dilatation and hypertrophy (The 
fact that the degree of dilatation by far exceeds the degree of hyper- 
tiophy was mentioned by Peacock m 1878 ) 3 A further proof of 

the increased functional demands in the lesser ciiculation are dilatation 
and arteriosclerotic changes of the branches of the pulmonary artery and 
dilatation of the pulmonary veins Likewise the disproportionately small 
size of the left ventricle and of the aorta, which is either relatively or 
absolutely small, is proof of the decreased amount of blood which is 
available at the left side and which causes a decrease m the functional 
stimulus for growth (in 1839 Ecker stated, “Such a communication 
may be the reason that the physiological dilatation of the aorta does 
not take place, since a noticeable amount of blood flows off to the 
right side of the heart, the dilatation of the aorta becomes, so to speak, 
superfluous”) , furthermore, the venous fulness as compared with the 
relative arterial emptiness speaks m favor of the existence of a current 
from the left to the light atrium (Johnson, 1878) 4 The enormous 
degree of right-sided dilatation and hypertrophy occurs without an 
accompanying lesion, quite commonly, howevei, a lesion of the mitral 
valve IS present, but in that case the degree of the right-sided dilatation 
IS also out of proportion to the mechanical effects of the lesion (Lutem- 
bacher) 5 There is sufficient evidence to assume that hearts with a 
relatively small defect show less enlargement as compaied with hearts 
with a large defect , this also holds true if a valvular lesion is present, 
provided the degree and number of the lesions are considered 6 The 
extreme rarity of crossed embolism speaks against the common occur- 
rence of a shunt from the light to the left, likewise it can be said that the 
complete absence of cyanosis throughout the entne life m a number of 
cases proves that at least for these cases an extensive shunt from the 
light to the left does not exist 

One may thus characterize the interatrial septal defect as consisting 
of two elements (1) a congenital arrest of development and (2) an 
acquired and progressive hydiauhc disturbance (Costa) 

It IS easy to conceive that the addition of a lesion of the mitral valve 
simply increases the characteristic featuies of this malformation, in the 
first place by increasing the pressure in the left atiium In the presence 
of a button-hole type of mitral stenosis, the tendency of the left ventricle 
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and of the aorta to^vard narrowness will be inci eased In the presence 
of a piedominant initial regurgitation, a venous pulse is hkel}'’ to occur 
The size of the left atrium, wdnch is occasionally already enlaiged 
wnthout an accompanying lesion of the mitral valve, will inciease The 
right ventricle will also add to its already established dilatation and 
hypertiophy The influence of pulmonary disease and disease of the 
tricuspid valve can easily be understood , disease of the aortic valve is 
not common and occurs only in combination with lesions of other A'^alves 

The prognosis is not bad, when one considers that the average age 
IS 36 years or higher, if the patients who died from causes other than 
cardiac failure are excluded For comparison, Abbott’s figures for 
some other types of congenital cardiovascular malformation aie 
coarctation of the aorta (average age, 36, number of cases, seventy) , 
interventricular septal defect (average age, 42, number of cases, seven) , 
patency of the ductus arteriosus (average age, 29, number of cases, 
ninety- two) , pulmonary stenosis with closed septums (average age, 10l4 
yeais, number of cases, nine) , pulmonary stenosis with defect of the 
interventricular septum (average age, 12^4 years, number of cases, 
eighty -three) A certain amount of activity, repeated pregnancies, a 
higher age incidence and occasionally even hard work for many years 
(case 16) are possible for some patients, others are incapacitated for 
shorter or longer periods It is difficult to prognosticate the interatrial 
septal defect per se because of the fact that in thiee fourths of all of the 
cases, chronic valvular lesions of some degree are found which should 
aggravate the prognosis How^ever, in the twelve cases m which the 
description mentioned absence of valvular lesions (cases 9, 23 and 46) 
or in which the lack of a positive statement permitted one to assume 
that at least no marked valvular lesion was present (cases 1, 10, 20, 25, 
36, 39, 44, 46 and 47) the average age was 25 years, which is definitely 
less than the total average of 36 If one leaves out three patients with 
diseases other than 'chronic primarj^ caidiac disease, chronic lenal 
disease (cases 36 and 39) and coronary thrombosis (case 47), one 
obtains an age of only 2114 years as compared with the figure of 32)4 
yeais for the corresponding aveiage age of fifty patients, and if one 
leaves out the twm small children (cases 10 and 25) aged 1 and 2 
years, respectively, one still has an average of only 27 years Thus 
it seems that the combination of the intei atrial septal defect with a 
chionic valvular lesion does not differ m prognosis materially from 
the uncomplicated interatrial septal defect itself 

The curious relationship of sex m certain congenital cardiovascular 
defects has been pointed out by White, who used Abbott’s material 
Foi certain types, theie is no prevalence of one sex over the other, in 
othei t 3 ^pes, one sex is predominant The average latio in Abbott’s 
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senes between male and female was 58 4 per cent 41 6 per cent (859 
cases) If one takes Abbott’s figures in general and my figures for 
the interatrial septal defect, one obtains the ratios given in table 6 

Medvei and Roesler pointed out that the pathologic changes in 
cardiac development may show a hereditary tendency and may be geno- 
typically conditioned One would have to speculate that certain genes 
governing cardiovascular development are sex-hnked 

One might think that m cases of physical underdevelopment the 
aorta ought to be small, and that in cases in which the development 
IS normal the aorta ought to be of normal size, granting thereby the 
range of variation in the size of the aorta Of the twenty-one cases 
in which there was ph)sical underdevelopment, measurements of the 
aorta were given in thirteen cases In eight of them the aorta was too 
small (cases 6, 33, 42, 48, 55, 59, 61 and 62) , m five of them the 
figures were within the normal range (cases 10, 23, 40, 41 and 49) Of 


Table 6 — Sev Incidence of Congeniial Cai diovascnlar Defects 


Tjpe of Lesion 

Xumber of 
Cases 

Per Cent 
Male 

Per Cent 
Female 

Comment 

Patent ductus arteriosus 

S4 

34 5 

C3 5 ) 

Female set 

Interatrial septal defect 

C2 

383 

01 7 J 

predominant 

Coarctation of the aorta 

G8 

78 0 

22 0 ) 

Male sev 

Anomalies of semilunar cusps 

30 

87 2 

12 8 5 

predominant 

Pulmonary stenosis 

103 

55 2 

44 8 ) 

Iho or neBllglblc 

Defects of interventricular septum 

58 

50 0 

50 0 J 

predominance 


the seven cases in which there was a noimal physical development, 
measurements were given m three cases In each of them the figures 
were within the normal range (cases 18, 22 and 60) 

There were only a few cases which did not seem to fit into the 
classic picture In one case the size (case 22) was described as that of 
a man’s fist, howeA^er, the description mentioned right ventricular 
dilatation and hypertrophy and it was stated that the heart was kept 
in alcohol for a long time before the measuiement was taken In another 
case (case 11) the heart weighed 250 Gm , but the volume of the right 
side of the heart was said to equal that of the left And in a third case 
the right ventricle was described as the only chamber of the heart 
which remained unaltered in size (case 36) One may assume that in this 
case the rather small defect, which was only the size of a thumb, 
permitted only a small amount of shunting , the pulmonary ai tery was 
of normal size also (6 cm ), though the aorta was smaller, as one 
might expect 

It has been mentioned that atherosclerotic changes m the pulmonary 
artery and its branches are not uncommonly found in this type of 
congenital cardiac malformation There are two cases in the literature 
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of sclerosis of the pulmonary artery in early childhood in which the 
authors did not realize the causal etiology of the interatrial septal defect 
In one case of Linden’s, a giil, aged 11 months, had slight cyanosis, 
first with pure cardiac sounds, and later with a systolic apical murmui , 
there was accentuation of the pulmonic second sound, and postmorten 
examination showed the characteristic picture of a large right atrium and 
ventricle, a very small left atrium and ventricle and a pulmonaiy arteiy 
40 mm and an aorta 29 mm , in circumference The foramen ovale 
was wide open and the ductus arteriosus patent for a probe The 
branches of the pulmonaiy artery were widened, macioscopically and 
microscopically, and showed cushions in the intima with lipoid deposits 
Linden developed the conception that an abnormal nariowness of the 
pulmonary veins had caused this pathologic condition In the other 
case, that of Watjen, a girl, aged 6 months, had a large heart as levealed 
by roentgenograms and a cough followed by attacks of cyanosis Post- 
mortem examination showed an interatrial septal defect, 8 by 11 mm 
m size, and an intei ventricular septal defect, 10 by 4 mm, the great 
vessels were transposed The right ventricle was small and gave off the 
aorta, which measuied 24 mm , the left ventricle was twice as large as 
the right and gave off the pulmonaiy artery, which measuied 40 mm 
AH of the branches of the pulmonary artery weie widened , the arterioles 
showed microscopically an obliterative intimal proliferation with lipoid 
deposits Watjen’s idea as to how the shunt worked is objectionable, but 
he stated correctly that the functional mechanical overburdening in the 
lesser circulation caused the proliferation of the intima 

There are several facts concerning the occurrence of valvulai lesions 
which are of interest, but a well founded explanation cannot be offered 
First of all, the frequency of their occurrence is striking (three fourths 
of the cases studied here showed valvular lesions of varying degrees) 
This number exceeded by far what has been observed m other types 
of congenital cardiovascular malformations The actual number of 
lesions was undoubtedly even greater, since many of the descriptions 
were not detailed enough and since in a few of the cases no statements 
as to the valves were made Second, there was absence of subacute 
bacterial endocarditis, although this condition is not at all rare in other 
types of congenital cardiovascular malformations (Abbott) In this 
series, about 10 per cent of the patients had acute endocarditis and 
less than 2 per cent ( 1 patient) died of it In her recent series of one 
thousand cases, Abbott found that of fifty patients with an uncomplicated 
defect at the base of the interventricular septum twenty-one had acute 
endocarditis, thirteen of whom died of the bacterial infective process 
The corresponding figuies for ninety-tAvo patients with patency of the 
ductus arteriosus w^ere twenty-one and twenty-one Acute endocarditis 
occurred m nine of tw^enty-five cases of pulmonary stenosis with a 
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dosed ventnculai septal defect If one assumes that a “rheumatic” 
etiology was the undei lying cause of the valvular diseases, one wonders 
why chronic pericardial disease was practically absent It was found in 
only one case m which theie was also chionic extensive tuberculosis of 
the lungs On the othei hand, complete irregularity of the heait was 
fiequently noted and m most cases probably meant aunculai fibrillation 
It IS easy to imagine that a constant overbui dening leads to fibrotic 
endocai dial changes , this hypothesis would be more easily applicable 
to changes m the tiicuspid and pulmonary valves It is rather difficult 
to explain changes m the initial valve on this basis, especially if a 
buttonhole mitral stenosis is found No mechanical explanation of this 
soit would hold true for lesions of the aortic valve 

Though It seems piobable that the size of the defect may influence 
the size of the heart m general, it is difficult to prove it One would 
have to show that m the presence of small openings, which are actually 
open, 1 e , have no valvelike chai acter, the hearts keep to a normal or 
almost normal size Foui cases can be cited which showed no defects 
or lesions othei than the opening Maikham told of a child, aged 4 
years, m whom the foramen ovale permitted the point of a finger to 
pass but was partly narrowed by a membranous valve, the heart w'as 
normal in every aspect Foster leported the case of a child, aged 2 years, 
in whom the aperture w as the size of a goose quill , the heart and the 
gieat vessels were normal except for a slight degree of hypertrophy 
of the right atrium Mouls repoited the case of a child, aged 3 months, 
in whom the apertuie would receive a pencil, the ventricle and the 
large vessels weie noimal Ohm had a patient, aged 16 years, m wdiom 
the foramen ovale Avas open far enough to leceive a thick probe, the 
heart was twice as large as the fist, and all of the cardiac chambers 
were dilated Thus Ohm’s case does not fit into the aforementioned 
theory If the mteiatiial septal defect becomes large, one is finally 
faced with the cor triloculare biventriculosum , here, how^ever, one 
can no longei speak strictly of a defect, and the mechanics are most 
piobably also different 

There is no unusual tendency noted for the development of tuber- 
culosis of the lungs , the iich supply of blood to the lungs resulting from 
the mechanics of this condition (in contrast, foi instance, to pulmonaiy 
stenosis) as well as the frequent occuirence of lesions of the mitral 
valves can be accounted for 

Assmann desci ibed the important roentgen findings , they consist 
of an unusually small aortic knob, a prominent pulmonary arch, wnde 
hilar vessels and an enlarged, globular heart The enormous enlaige- 
ment of the hilar vessels has been misinterpreted roentgenologically, 
tuberculosis and tumor being the two mam erroneous diagnoses In 
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one case (Wahl and Card, case 56) the report of the roentgen examina- 
tion seemed to support the final diagnosis of mediastinal tumor, since the 
observed masses weie sharpl}' defined and did not pulsate The patient 
bled to death when the mediastinal mass as incised Postmortem exam- 
ination showed that the branches were of spheroid shape and were 
filled with thrombotic masses Each of the roentgenologic charactei istics 
taken per se may be found in other pathologic conditions also The 
absence of the aortic knob (at the left side) is seen in enormous 
enlargement of the pulmonary artery due to any etiology, in marked 
mitral stenosis, in coarctation of the aorta and in cases in which the 
aortic arch crosses the right bronchus (right-sided aortic arch) Enlarge- 
ment of the pulmonary artery and of its branches occurs occasionally 
in the presence of certain other congenital anomalies, such as patency of 
the ductus arteriosus and interventiicular septal defect, or it is due 
to primary degenerative processes (atherosclerosis and arteriosclero- 
sis) 01 to syphilitic or mycotic disease Increased pulsations of a 
moderate degree need not be an expression of valvular regurgitation, 
though it IS difficult to exclude functional mcompetency An increased 
pulse piessure in the lesser circulation and/or pathologic changes of 
the wall seem to he able to produce this roentgenologic symptom also 
Lutembacher stated that the wooden shoe-like shape {ccew en sabot) 
was an important point in the roentgenologic part of the diagnosis, and 
Cramer and Frommel, as well as Muller, accepted his conception Lutem- 
bacher's belief was merely theoretical, because in his case no roentgen- 
ologic study was made Actually, neither the published pictures nor 
my case showed evidence of the ccew' en sabot This shape is due to 
a break in the contour of the left side of the heart because it is formed 
by both ventricles, the right ventricle below and the left ventricle above 
(Raab, Roesler) , it is also best seen in cases in which the right 
ventricular hypertrophy predominates over the dilatation, as in pul- 
monary stenosis In the interatrial septal defect the silhouette of the 
heart varies in shape from oval to globular, and the contour of the 
left side of the heart is almost entiiely formed by the right ventncle, 
the right ventricle remaining above and the left ventncle below (and 
mainly posteriorly) The fact that even enormous degrees of right 
ventricular enlargement may express themselves as a predominant 
enlargement of the cardiac shadow to the left is not fully appreciated 
in the loentgenologic literature, but a study of the postmortem situs 
will often show that the enlargement of the right ventricle is pre- 
dominantly or entirely to the left of the median line Scarcely any 
studies have been made in the oblique positions to determine the size 
of the left atrium, but, as my case shows, definite enlargement has been 
demonstrated and must be expected quite often, though this diagnostic 
feature does not help in the diagnosis of the interatrial septal defect 
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pioper The low position of the diaphragm may be understood in a 
twofold way First, a large, heavy heart depresses the diaphragm by 
Its weight, it may be recalled that the postmortem weight of all of 
these hearts was definitely less than the actual weight during life because 
of the large volume of blood in them If the pressuie lasts predominantly 
in the central portions as one sees it m the presence of a large right 
ventncle (and also m the presence of an aneurysmal dilatation of the 
left atrium), the depression affects the entire diaphragm equally, whereas 
in predominating enlargement of the left ventricle only the left leaf 
IS markedly depressed Second, this low position is an expression of 
physiologic adaptation, the space available for the lungs is actually so 
narrowed down by these tiemendous heaits that the mechanism 
of lowering the diaphiagm seems to be the only way to guarantee a 
certain expansion foi them 

In all of the five cases in which the electi ocardiographic study per- 
mitted the degiee of axis deteimination, a marked anatomic pre- 
dominance of the light side existed, expressed by the size of tlie hearts 
themselves as well as by their weights, and it is known that in all of 
the hearts of this type a countercloclcwise rotation of the entire mass 
of the heart takes place Since m foui cases the degree of axis devia- 
tion to the right was only moderately marked, it seems permissible to 
assume that some proof is given hereby that the actual increase in the 
thickness of the wall plays even a greater role m the production of 
axis deviation than an enormous dilatation with the additional counter- 
clockwise rotation 

It IS the ordinal y pictuie of cardiac failure which governs the last 
months or years of the life of the patients, provided deatli is not caused 
by an intercurrent disease Peripheral edemas aie often but not always 
reached In the morbus caeiuleus type, for instance, m cases of pul- 
monary stenosis, death may occur rather suddenly It is known, on the 
other hand, that the course of decompensation in chronic valvular lesions, 
especially in lesions of the mitral valve, is rather chronic With the 
interatrial septal defect death is not sudden The course of decompensa- 
tion may be similar to that of simple chronic valvulai lesions or may be 
of shorter duration, lasting only a few months 

Neither analyses of the blood gases nor microscopic studies of the 
capillaries of the skin are available in any case Therefore any dis- 
cussion on the cause of the absence, presence and degree of cyanosis 
(and in partial connection with this pioblem, any discussion on the 
absence, presence and amount of intracaidiac shunt) is merely specula- 
tive If cyanosis, sometimes of an intensive degiee, appears onl)'’ a 
short time ante mortem, it is spoken of as “cyanose tardive” (Bard 
and Curtillet, Wallmann, 1852), the assumption being that a raised 
pressure in the right atrium brings about a shunt fiom right to left 
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If this mechanism is to take place, one would have to postulate that 
the balance between the right and left sides of the heart becomes dis- 
turbed (left-sided failure), or that the resistance m the lesser circula- 
tion suddenly increases It is important to realize that the appearance 
and peisistence of cyanosis and its degree will be influenced by con- 
comitant valvular lesions and by arteriolosclerotic changes m the pul- 
monary aiterial system If in a given case cyanosis was mainly brought 
about by the shunt, one would know that at least one third of the blood 
was shunted across (Lundsgaard and van Slj'ke) 

The interatrial septal defect shows right-sided dilatation (and hyper- 
trophy) as a leading feature The pulsatory phenomena of veins and 
liver as well as of the wall of the chest will therefore commonly 
demonstrate chaiacteristic though manifold signs of this anatomophysio- 
logic fact (Dressier) 

The insufficient description and the lack of graphic registration 
(case 55 is an exception) of the venous and liver pulse make it impos- 
sible to state whether a simple systolic pulse oi a double-waved, 
auricular pulse was present The depiession of the pulse wave in 
the veins and livei corresponds m time to the systolic emptying of the 
heart and is caused by the diastolic-presystohc emptying of the atria 
and the ventnculai contraction (downwaid movement of the atrio- 
ventricular septum and diminution of the volume of the ventricular 
chambers) Failure of the right ventricle with overfilling of the right 
atrium, especially m the presence of auricular fibi illation, counteracts 
this depression m the pulse wave In cardiac failure the venous blood 
empties into the right atrium, not, as normally, predominantly during 
systole but almost entirely during diastole, m congestive heart failure, 
the venous blood empties only during the beginning of diastole The 
result is a systolic pulse, consisting of systolic plateau and a slope in 
the beginning of diastole If, howevei, a regular sinus rhythm persists 
and the hypertrophied right atrium thus has not lost its action, the pre- 
systolic atrial contraction, which finds resistance in the remainder of 
the blood filling m the ventricle, throws blood back into the large veins , 
then, m addition to the systolic elevation (which is an expression of 
congestion) there is added a wave of presystolic regurgitation, and a 
double-waved pulse results This type of pulse has been formerly con- 
sideied as characteristic of tiicuspid stenosis (Mackenzie), but it is 
found m the presence of other conditions also m the combination 
of mitral stenosis with an open foramen ovale or interatrial septal 
defect (Jagic, Dressier and Roesler [case 55]), or m concretio cordis 
(Volhard, Wenckebach), or whenever venous congestion in the 
greater circulation, right atrial hypertrophy and sinus rhythm are act- 
ing together Mitral regurgitation with an interatrial communication 
does cause a systolic venous pulse (Remeboth), as is easily understood 
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from the mechanics m this condition A systolic oi piesystohc venous 
pulse may theiefore be found in the piesence of the mtei atrial septal 
defect with or without an accompanying lesion of the mitral valve 
Othei conditions, howevei, give rise to these pulsatory phenomena just 
as well and may be well combined with the primary congenital mal- 
formation, especially congestive faikiie of the gieatei circulation and 
lesions of the tricuspid valve The marked hypertiophy and dilatation 
of the right side of the heait, especially of the right atrium, are condi- 
tions favorable for the appearance of an abnormal venous pulse 

S}Stohc piopulsions and depressions of the thoiacic wall are con- 
sidered here mainly as being caused by the right side of the heart The 
normal apical thrust is caused by the left ventricle and is due to several 
factors during systole These are lever-hke upward and foiward move- 
ments of the apical portion, clockwise lotation of the left ventricle, an 
increase m consistency and, at least in animals, foiination of a hump 
above the apical portion of the left ventricle Over the precordium, 
corresponding to the right ventiicle, there is often seen slight systolic 
depression While enlargement of the light ventricle (hypertrophy and 
dilatation) commonly will produce a systolic precordial propulsion, pure 
dilatation as a lule does not, and pine hypeitiophy scarcely evei does 
(Dressier) In enlaigeinent of the light ventricle of considerable degree 
but without hypei trophy, pulsatoiy heaving of the low'ei steinuin, how'- 
ever, occurs, as was shown m Hoeflei’s case, in which theie w'as an 
interatrial septal defect (case 33) and in wdiich the w^all of the enormous 
right ventricle had a general thickness of only 4 mm and a thickness of 
only 6 mm in the conus area The systolic propulsion of the low^er 
central portion of the thoracic wall is due paitly to change m the 
shape of the cardiac mass (mainly duimg the presph}gmic peiiod) from 
a transverse ellipse in cross-section to a cone, and partly to lecoil The 
latter factor is increased by high piessuie m the pulmonaiy artery and 
by increased filling of the right ventricle (Lang) As long as the left 
ventiicle is not completely displaced, a noimal ciicumsciihed apical 
thrust may persist In the piesence of consideiable enlaigeinent of the 
right \entricle the front w^all of the heait is mainly formed by it (and 
by the right atiium) and so is the apical thrust, the left ventiicle having 
been pushed away fiom the W’-all of the chest This apical thiust as a 
rule IS not well ciicumscnbed, and a centiipetal movement may or may 
not pievail, depending appaiently on how quickly the holder of the 
left lung can fill the available free space In laie instances however, 
(in interatrial septal defect, according to Dresslei and Roesler), a w^ell 
circumsciibed resistant apical foiwaid thrust can be found, exactly like 
that in hypertrophy and dilatation of the left ventiicle The explanation 
for these cases is that the enoimous right atiium displaces the large 
right ventricle to the left, so that the mam mass of the right ventricle 
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no longer coi responds to the precordium but rather to the axillary poi- 
tion The displacement to the left is aided by the absolute or relative 
nariowness of the left ventricle, as in many cases of interatrial septal 
defect This finding, a well circumscribed, lesistant apical thrust 
m the apical region m the presence of a predominant and enoimous 
right-sided enlargement, is not known for any other clinicopathologic 
condition In high degrees of light ventricular enlargement, the 
systolic propulsion can extend down to and include the apical region, 
but it lather fades out toward it, this type also is likely to occur in 
the presence of a small left ventricle The propulsion of sternum and 
precoidium is especially favored if the heart has a support against the 
spine, 1 e , if It reaches a considerable size and especially if the left 
atrium is markedly enlarged also (Dressier) 

The heart is pressed against the anterior thoracic wall by the atmos- 
pheric pressure m the lungs, at its posterior and lateral circumference 

The lung cannot move away from the chest wall, and neither does the heart, 
unless another freely movable part takes up immediately the newly formed space 
since the ribs, as stiff parts of the surroundings cannot follow the move- 
ments of the heart, it results necessarily that the parts of the heart adjacent to 
them remain fixed, just as well as the ribs themselves in all cases where 

the heart lies in a larger area close to the chest wall the adjacent displaceable chest 
organs (especially the lungs) will not be able to fill this space with sufficient speed 
and to the necessary extent , therefore, the heart will remain fixed to the chest wall 
during all movements (Kiwisch, 1846) 

This statement explains how localized depiessions of the thoracic wall 
may be caused by the action of the heart, especially if it faces to a 
large extent the anterior thoiacic wall Atelectasis of the pulmonary 
holders, so commonly seen in the presence of large hearts, adhe- 
sions and infiltrations, will inhibit the function of the pulmonary 
cushion (Weltmann) The propulsion of the sternum and precordium 
acts like an inspiratory movement Besides this immediate aspiration 
another mechanism, a mediate aspiiation, has to be considered In certain 
cases m which there are valvular defects the intrathoracic piessure drops 
markedly duiing systole, namely, when a relatively large amount of blood 
(pathologic increase m the volume pei stroke) suddenly disappears from 
the thoracic cavity, this takes place in aortic and tricuspid i egurgitation 
(Lang) , in the latter this sudden change lasts longer because the venous 
leturn into the chest is inhibited during systole If this difference in 
pressure is unusually marked, the pulsatory phenomena— depression- 
will extend far beyond the bordeis of the heart In the presence of 
inci eased venous pressure the venous inflow, however, will more rapidly 
compensate for the diminution in the systolic intrathoracic piessure A 
third cause for depressions of the thoracic wall of the diffuse type is 
the action of aspiration as caused by the forward bulge of the middle 
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portions of the anterior thoracic wall The chest lepiesents a stiff- 
elastic system If a pulsatory force sets up a short lasting deformation 
111 one aiea, movements, though of less intensity, will take place in the 
surroundings as well as at some distance from this area (Dressier). A 
propulsion of the sternal portion bungs about traction along the lateral 
portions of the bony thorax, resulting in a flattening out and inward 
movements of the ribs, usually more marked at the right than at the 
left side A piopulsion of the right side of the chest, as for instance, 
that seen in tricuspid regurgitation when the blood is thrown into the 
right atiium and into the liver, leads to a marked depression of the left 
side of the chest 

In the presence of these pulsatoiy phenomena one should consider 
chronic pericaidial disease last and not first, as is usually done 

The light atrium of normal size is nowhere in contact with the 
thoracic wall, when enlarged it may reach the left sternal border It 
seems that it can produce palpatory thoracic movements only if blood 
IS lushed into it with aiterial power, as in tricuspid regui gitation 

A correlation of the vaiious actual instances of apical pulsations and 
those of the thoracic wall in the interatiial septal defect with the facts 
of this discussion shows that these phenomena can be explained by the 
finding of a laige right side of the heart, and that they will be increased 
by smallness of the left ventricle, the presence of lesions of the mitral, 
tricuspid and pulmonary valves, inci eased pressure in the lesser circula- 
tion and thin, elastic thoracic walls — conditions commonly present in 
the interatrial septal defect 

The epigastrium frequently shows pulsations, namely, a systolic 
depression, this is due, first, to the systolic volumetric diminution of 
the liver and, second, to the systolic upward pull of the left lobe of the 
liver A systolic forward bulge is usually due to a ventricular pulse 
of the liver, on account of congestion or regurgitation Systolic pulsa- 
tions of the abdominal aoita occasionally may be seen and felt, and in 
rare cases the enlargement of the right ventricle may produce a systolic 
heaving in a small area between the xyphoid piocess and the left costal 
arch Pulsations of the extent observed in my case are unique In this 
case the tremendous right ventricle had displaced the diaphragm down- 
ward to an enormous degree, as clinical, roentgenologic and anatomic 
observation showed 

The small volume of the peripheral pulse and the occurrence of a 
rather low blood pressure may be in connection with a decreased output 
of blood into the greater circulation and with an underdevelopment of 
the arterial system 

The number of cases in which a graphic registration would peimit 
the exact recognition of the type of irregular or abnormal rhythm is 
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small, but it is probable that auricular fibi illation was piesent in the 
majority of these cases The descriptions often mention total irregu- 
larity, irregulaiity over prolonged periods or iriegularity occurring in 
the later stages of the disease, and in more than three fouiths of these 
cases there is a chronic lesion of the mitral valve as a postmortem 
finding It IS only logical to assume that a causal lelationship exists 
between the “iheumatic” process and the occuirence of auricular fibril- 
lation The interatrial septal defect thus takes on a unique feature among 
the congenital cardiovascular malformations In Roesler and Kiss' elec- 
trocardiographic study of one bundled patients with congenital cardiac 
disease, including all age groups up to the fifth decade, there was 
no incidence of auiiculai fibrillation, the same was true for Wedd's 
twenty-six patients, aged 18 and above, and for Irvine-Jones’ one hun- 
dred children The few cases in which auricular fibrillation was present 
(McCulloch’s case 11, Krestin) showed definite evidence of rheumatic 
disease also 

One probably may expect the pulmonic second sound regularly to be 
accentuated This, however, is not always the case Its common occur- 
rence in the presence of a lesion of the mitial valve deprives it of much 
of Its value as a diagnostic sign 

It can be stated that an interatrial septal defect may exist without 
giving rise to a muimur (Chian, Elbogen, Menetrier and Wolff and 
Hotz, case 2) The question as to whether the interatrial septal defect 
produces a murmur is more difficult to answer After many cases had 
been excluded by the formei analysis theie remained a few for discus- 
sion In Peacock’s case (8) one wonders how much connection the 
basal murmur may have had with the thickening of the pulmonary valve 
and with the enormous dilatation of the pulmonary arteiy, since it is 
known that the passage of blood from a vessel of a relatively narrow 
caliber to one of much greater caliber may cause a murmur, on the 
other hand, this murmur was best heard to the right of the sternum 
In Abbott’s case (36) there was coarctation of the aorta, and m this 
anomaly murmurs are well known to occur, partly m connection with 
the collateral circulation and in the back, where the murmur was present 
in this case Whether murmurs exist or not with this moderate degree 
of coarctation cannot be stated in general In Costa’s case (57), there 
arose a question as to whether the thrills and murmurs over the pul- 
monaiy area might not simply have been caused by a functional pul- 
monary regurgitation and by the extensive changes m the walls of the 
pulmonary artery Johnson’s case (9) and Amberg and Willius’ case 
(46) offei httle argument except that there was a short description of 
postmortem findings m the former, and m the latter the presence m 
a child of a murmur with its maximum at the left of the base may 
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not be characteristic One is indeed reminded of the statements of the 
two authors, Markham and Potain 

In all cases of open foramen ovale hitherto met with m which bruits have been 
heard during life, there have been found (where evammations have been made 
after death) m addition to the open foramen ovale, abnormal conditions in other 
parts of the heart, or of the great vessels, such as of themselves might be con- 
sidered sufficient to produce the unnatural sound (Markham, 1857) 

J’en dirai autant de la communication interauriculaire par persistance du trou 
de Botal Elle parait incapable de determiner un bruit de souffle quelconque, car, 
lorsque cette lesion est isolee, elle ne s’accompagne d’aucun bruit normal , et je ne 
connais pas une seule observation ou le souffle qui lui a ete attribue ne put recevoir 
une interpretation meilleure Le volume de I’onde, sanguine est sans doute ici 
trop minime et la force de projection trop petite (Potam, 1894 ) 

(I shall say as much for the interauricular communication through persistence 
of Botal’s foramen It seems incapable of producing any murmur because, when 
this IS an isolated lesion, it is not accompanied by any normal bruit, and I know 
of no observation in which the murmur that was attributed to it could not receive 
a better interpretation The volume of blood is undoubtedly too small and the 
projecting force too weak m this instance ) 

One could think that in cases in which the interatrial opening has 
a smaller caliber than that dealt with m my senes there is more likeli- 
hood of the appearance of a murmur And indeed, theie aie several 
cases to be cited Appaiently they do not piesent an interatrial septal 
defect proper hut stages in the closure of the foramen ovale or per- 
sistence of an incomplete union of the A'alvula with the septum (Patten) , 
they are given in table 7 Caipenter’s case probably may be discarded, 
consideiing the type of muimui present and the age 

It may be stated that there is some evidence, though not final, that 
a murmur may occur owing to the piesence of an intei atrial septal 
defect It should be best perceived ovei the sternum, at about the level 
of the third rib It is usually systolic, but may start in or extend into 
the diastole, it should not be tiansmitted into the vessels of the neck 
Almost the same conception was expressed by Gignoux It seems that 
there would be no diagnostic significance if it is heard to the left of the 
sternum, because it could not be diflferentiated from murmuis caused 
m the area of the pulmonary oiifice or the pulmonary artery Theoret- 
ically It IS possible that the murmui could be heard to the left of the 
median line, since it has been pointed out that the right side of the 
atrium may extend that far to the left Laubi}'^ and Pezzi pointed 
out that there would haidly be a possibility of transmission to the 
thoiacic wall because the muimur, naturally of short duiation and of 
little intensity, would take place m the left atrium, which is deeply 
situated, especially on account of the enormous right-sided enlargement 
As one may assume that a murmur is produced at the level of the defect, 
their argumentation is correct The distance of the interatrial septal 
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defect from the anterior thoiacic wall is marked If the conception 
of the shunt from left to right is coirect, the muimui will be transmitted 
into the right atrium, howevei, and not into the left atiium Abbott 
and Weiss pointed out that this murmur is liable to be manifest at the 
point of the precordium Avhere the light chambers most closely approxi- 
mate the thoracic wall 

Of historical interest is the reasoning of some of the authors as 
to how and during which phase of the cardiac cycle this murmur 


Table 7 — Cases Rcpi esenting Stages in the Closnie of the Foiamen Ovale but Not 

ail Intel atual Defect Piopei 



Age, 

S ze of 

Size of 


Author 

Years 

Defect 

Heart 

Valves 

Markham 

7 

Point of 
Anger 

Normal 

Normal 

Foster 

2 

Goose 

quill 

Right 

atrium 

slightly 

hyper 

trophied 

and dilated 

Normal 

Mouls 

y* 

Pencil 

Normal 

Normal 

Ohm 

10 

Thick 

probe 

Enlarged 

Normal 

Carpenter 

Vz 

% mch 

Right 
atrium 
hyper 
trophied 
and dilated 

No state 
ment 


Pulmonary 

Artery 

Murmurs 

Comment 

No state 
ment 

Rough, loud 
systolic bruit 
at the base and 
m the left sub 
clavian region, 
later on over 
the whole 
precordium 

Death due 
to miliary 
tubereu 
losis 

Normal 

Systolic mur 
mur at third 
left nb next to 
the sternum, 
variable in 
intensity 

Cyanotic 
since birth 

Normal 

Presystolic 

midstemal 

murmur 

Pale, 

underdevel 

oped, 

broncho- 

pneumonia 

No state 
ment 

Systolic and 
diastolic mur 
mur at apex 
and base, some 
times also 
presystolic, 
changing In 
intensity and 
character 

Pale, 

cyanotic 

and under 

developed, 

cerebral 

embolus 

Normal 

Rough systolic 
murmur, masi 
mum in second 
left intercostal 
space, not 
transmitted 
to the back 



should take place Markham thought that because the murmur in his 
case was peiceived during ventricular systole, it must have been coinci- 
dent with atrial diastole, during the atiial systole the piessure would 
be equal in both atiia, and therefore no tendency of blood flow from 
one to the other would exist During atrial diastole the blood rushes 
from the vena cavae and pulmonary veins into the relaxed atria and 
finds Its way through the foiamen and may under certain conditions 
conceivably produce vibrations The murmur in Johnson’s case was a 
presystolic one He felt that the right atrium would empty itself less 
completely during atrial systole than the left, m consequence of the 
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influx of blood from the left side Then during the succeeding atrial 
diastole some blood would flow from the partially filled right atrium 
into the left one Thus there would be a to and fro tidal flow of blood 
through the foramen ovale, an active piopulsion of arterial blood to 
the right during the atrial systole and a passive flow of venous blood 
to the left during atrial diastole In Ohm’s case there was a systolic and 
diastolic basal (and apical) muimur The systolic murmur was thought 
to be caused by the back-flow of blood through an incompetent mitral 
orifice (the heait was enlarged) which on being pressed through the 
foramen ovale would cause vibrations, perceived as a systolic murmur, 
while duiing ventriculai diastole the overfilled left atrium would empty 
rapidly (more rapidly than the light atrium), suction would draw blood 
from the right into the left atiium, and the vibiations would cause the 
diastolic murmur 

That many of the clinical signs and symptoms in the presence of 
an interatrial septal defect occur in other types of organic cardiac disease 
was cleaily stated by Ecker m 1839 

SUMMARY 

A case is reported which illustrates the clinical and anatomic 
peculiarities of interatrial septal defects Sixty-two cases have been 
reviewed, including mine All of the cases of small defects or complete 
absence of the mtei atrial septum and combinations with patency of 
the ductus arteriosus, pulmonary stenosis, interventricular septal defect 
and a high grade of coarctation of the aorta have been excluded 

In at least three fourths of all the cases valvular lesions were found 
which affected predominantly the mitral orifice Subacute bacterial 
endocarditis did not occur , chronic pericardial disease, crossed embolism 
and tuberculosis of the lungs occurred rarely 

Almost all of these hearts were large , they were often of enormous 
size, even in the absence of a valvulai lesion This was entirely, or 
almost entirely, due to a iight-sided enlargement, dilatation exceeding 
hypertrophy m a dispioportionate degree The left side underwent 
relatively little change from narrowness to a moderate increase in size 
The average heart weight for nineteen patients above the age of 14 was 
574 Gm , and in nine cases of complete or almost complete absence 
of valvular lesions, 469 Gm There was some evidence that the size of 
the heart was influenced by the size of the interatrial defect The 
pulmonary artery was always larger than the aorta, the aveiage ratio 
being 3 2 Expressed m absolute figures, the pulmonary artery was 
large or very large, but larely noimal in size The aorta was usually 
below the normal figures, often being very small and thm-walled 
The branches of the pulmonary artery were often dilated, the artery 
as well as its branches being the seat of atherosclerotic processes As 
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seen m situ, the right side of the heart foimed the entire fiont wall, 
the pulmonary conus extended far to the left and upward, and the aorta 
was placed between the pulmonaiy artery and the superior vena cava 

This cardiovascular malformation can be best conceived m its entity 
by assuming that there was added to the congenital ariest of development 
an acquired hydraulic disturbance, a shunt fiom left to right, as a 
lesult of which the right side of the heart and the lesser circulation 
handled an increased, and the left side of the heart and the greater cii- 
culation a decreased, amount of blood The indiiect evidences for this 
theory were given 

The average age was 36 years, the piognosis as to duiatioii of 
life was about equal with that in coaictation of the aorta, less than 
that in the interventricular septal defect and better than that in patency 
of the ductus arteriosus and pulmonary stenosis Repeated pregnancies, 
anesthesia and capacity for physical work weie well supported in a 
number of cases, in others, however, chronic invalidism was present 
The common combination with chronic valvular lesions did not aggravate 
the prognosis There was prevalence of the female over the male sex 
in the proportion of 3 2, similar to the ratio in patency of the ductus 
ai teriosus 

The clinical couise was that of ordinary cardiac failure, lasting 
for shortei or longer periods, even when all of the cases with valvular 
complications were omitted Clubbing was sometimes present Cyanosis 
was more often present than not, but the combination with lesions of the 
mitral and tricuspid valves is to be remembered Pallor, a small radial 
pulse and a tendency to a lower blood pressure were rather common 
These findings may be understood as an expression of actual aiterial 
underdevelopment and/or a decreased output of blood into the greater 
circulation Other clinical findings were an expiession of the enormous 
right-sided enlargement of the heart These were the precoidial bulge, 
certain features of the apical thiust (circumscribed and resistant, 
indefinite and systolic retraction) , systolic propulsions and depressions 
of smaller oi larger parts of the thoracic wall (important for differential 
diagnosis from chronic pencaidial disease) , the occurrence of a systolic 
or presystolic pulse in the veins and liver, which was influenced by 
venous fulness, the presence of sinus rhythm or auricular fibrillation, 
and the occtiirence of legurgitation of the tricuspid and mitral valves 
Auricular fibrillation was common, in this the interatrial septal defect 
distinguished itself entirely from all other congenital cardiovascular 
malformations in which auiicular fibrillation was of the greatest rarity 
The same cause obviously was responsible for auiicular fibrillation and 
chronic valvular deformity, especially of the mitral orifice The common 
occurrence of an accentuation of the pulmonic second sound was mainly 
an expression of a concomitant lesion of the mitral valve In the 
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absence of this lesion accentuation was sometimes piesent Murmurs 
were at times absent When pi esent, howevei , they were more commonly 
due to the combination of A-alvular lesions In the absence of lesions, 
there was still dilatation of the pulmonary artery to be considered with 
or without changes m the ^^all and relative insufficiency of the orifice 
as the cause of murmurs which were piobably thought to be character- 
istic of the defect If a charactenstic muimur of this sort existed, it 
was midsternal systolic, piobably partly diastolic and not accompanied 
by a thiill 

The loentgenologic findings were those of a large heart varying 
111 shape from oval to globulai and extending, as a rule, toward the left 
The pulmonai}^ conus and artery projected far to the left, and upward 
and forwaid The branches of the pulmonar}’- artery (the “hih”) at 
times showed increased pulsations and were sharply defined and enlarged 
Lack of knowledge of the roentgenologic picture led to the erroneous 
diagnosis of mediastinal tumor or tuberculosis The aortic knob was 
small — at times invisible Other conditions which caused pulmonary 
dilatation and nai rowness oi absence of the aortic knob were given 

The inteiesting finding from the electrocardiographic study was 
the presence, as a rule, of only a moderate degree of axis deviation to the 
right Enormous dilatation of the right side of the heart with compara- 
tively moderate hypertrophy did not cause a high degree of right axis 
deviation m the electrocardiogram 

APPENDIX 

This IS a tabulation of the sixty-two cases arranged consecutively by year 


Case 

Year 

Author 

1 

1826 

Louis (no 4) 

2 

1835 

Bouillaud (no 157) 

3 

1847 

Mayo 

4 

1862 

Petters 

5 

1864 

Huter 

6 

1875 

Rokitansky (no 7) 

7 

1875 

Coupland 

8 

1878 

Peacock 

9 

1878 

Johnson 

10 

1880 

Chian 

11 

1880 

Bucquoy 

12 

1880 

Firket 

13 

1880 

Gibier 

14 

1884 

Elbogen 

15 

1887 

Nicolaides 

16 

1890 

Greenfield 

17 

1893 

Butin 

18 

1894 

Jaenike (-Rudolph, 1900) 

19 

1895 

Reineboth 
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20 

1902 

Dhotel 

21 

1904 

Seidel (no 2) 

22 

1904 

Soldner 

23 

1905 

Sundberg 

24 

1907 

Ems 

25 

1909 

Popper 

26 

1909 

Sand (no 9) 

27 

1909 

Abbott and Kaufmann (no 2) 

28 

1910 

Lesieur, Froment and Cremieu 

29 

1910 

Gignoux (no 14) 

30 

1910 

Gignoux (no 16) 

31 

1911 

Dufour and Hubert 

32 

1911 

Moureyre 

33 

1912 

Hoefler 

34 

1913 

Sternberg 

35 

1915 

McCulloch (no 1) 

36 

1915 

Abbott (no 1) 

37 

1915 

Abbott (no 2) 

38 

1916 

Lutembacher 

39 

1917 

Menetner and Wolff 

40 

1920 

Zeidler (no 1) 

41 

1920 

Zeidier (no 2) 

42 

1923 

Cramer and Frommel 

43 

1923 

Hotz (no 2) 

44 

1925 

Beattie 

45 

1926 

Villaret, Chaveau and Banety 

46 

1926 

Amberg and Wilhus 

47 

1926 

Mouktar and Sedad 

48 

1926 

Cabot 

49 

1927 

Muller 

50 

1928 

Jonen 

51 

1928 

Langeron and Loheac 

52 

1929 

Hahpre 

53 

1929 

Hammer and Bok 

54 

1929 

Pehcelh 

55 

1930 

Dressier and Roesler 

56 

1931 

Wahl and Gard 

57 

1931 

Costa (no 1) 

58 

1931 

Costa (no 3) 

59 

1931 

Costa (no 4) 

60 

1931 

Costa (no 5) 

61 

1932 

Okkels and Therkelsen 

62 

1933 

Roesler 


This IS the eleventh article of a senes of studies of congenital cardiovascular 
malformations The preceding ones, published m German, were 

1 Roentgen Ray Findings, Wiener Arch f inn Med 15 487, 1928 

2 Etiology, ibid 15 495, 1928 

3 Pulmonary Stenosis, ibid 15 507, 1928 

4 Coarctation of the Aorta, ibid IS 521, 1928 

5 Capillary Studies (with Dr Redisch), ibid 16*463, 1929 
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6 Heart Dilatation in Congenital Arteriovenous Communication, Klin 
Wchnschr 8 1621, 1929 

7 Isolated Dextrocardia (monograph), Wien Arch f inn Med 19 505, 1930 

8 Interatrial Septal Defect with Mitral Stenosis (with Dr Dressier), Ztschr 
f klin Med 112 421, 1930 

9 Electrocardiographic Studies (with Dr Kiss), Wien Arch f inn Med 
21 271, 1931 

10 Studies in Heredity (with Dr Medvei), Ztschr f klin Med 119 527, 1932 
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The expel iments piesented m this paper are a continuation of obser- 
vations bearing the same title and published at an earlier date m the 
Archives ^ It has been shown in previous studies “ that diphtheria 
toxin produces a toxemia m rabbits which lessens the animals’ ability 
to remove dextrose fiom the blood as judged by the dextrose tolerance 
test In animals poisoned with diphtheria toxin, after several days of 
toxemia, the blood sugar two hours after the administration of 5 Gm 
of dextrose was found to range as high as 400 and 500 mg per hundred 
cubic centimeters Small uniform doses of insulin were then adminis- 
tered, and it was originally thought that a constant and unifoim effect 
of the insulin could be noted as the toxemia increased In our earlier 
study, ^ daily increased doses of insulin were injected twenty minutes 
prior to the admimsti ation by stomach tube of a constant quantity of 
5 Gm of dextrose Prior to the last series of experiments, it was 
thought that the effect of the toxemia in question was largely that of a 
suppression of endogenous insulin It was found, however, that the 
toxic rabbits tolerated doses of insulin as large as 12 and 14 units 
injected twenty minutes befoie 5 Gm of dextrose was given The 
tolerance curves remained practically normal in all of the toxic animals 
that received these doses of insulin best Since it required such large 
doses of insulin to maintain normal curves following these relatively 

1 Sweeney, J S , Barshop, N , and LoBello, L C Effect of Toxemia on 
Tolerance for Dextrose and on the Action of Insulin I, Arch Int Med 53 689 
(May) 1934 

2 Sweeney, J S , and Lackey, R W The Effect of Toxemia on Tolerance 
for Dextrose, Arch Int Med 41 257 (Feb ) 1928 Sweeney, J S Effect of 
Toxemia on Tolerance for Dextrose and on the Action of Insulin, ibid 41 420 
(March) 1928 
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small amounts of dextiose, we were compelled to conclude that the 
toxemia m some way interfered with the function of insulin whether 
it was endogenous or exogenous m oiigin 

In ordei to lend confiimation to this explanation of the effect of this 
type of toxemia on the toleiance foi dextrose and the action of insulin, 

Table 1 — Results of Daily Tests of the Toleianee fo> De\tiose of Rabbit A* 


Blood Sugar, Mg per 100 Cc 







After Dextrose 


Observation, 

Insulin, 

Dextrose, 


r" 

A 


Hours 

Units 

Gm 

Tasting 

30 Minutes 

GO Minutes 

120 Minutes 

0 

0 

5 

C9 

108 

154 

lie 

2-1 

2 

5 

74 

'IS 

105 

104 

48 

4 

10 

C9 

118 

182 

13S 

■(2 

G 

13 

74 

100 

105 

105 

9b 

8 

20 

7C 

100 

105 

91 

120 

10 

25 

Si 

103 

111 

105 

144 

12 

30 

85 

ICS 

221 

89 


■* This animal rccehcd no to\in, but was guen dailj increased quantities of insulin and 
dextrose in a ratio of 1 unit of insulin to 2 3 Gm of dextrose 



Chart 1 — Daily curves showing tlie tolerance for dextrose of rabbit A No 
toxin was given to this animal (table 1) Daily increased quantities of insulin 
and dextrose were given in a ratio of 1 unit of insulin to 2 5 Gm of dextrose 

the following experiments weie nndei taken Rabbits were intoxicated 
with 0 0025 cc of diphtheiia toxin (minimal lethal dose, 0 02 cc ), 
which was found to be an optimal dose, i e , one that killed the rabbits 
within from five to seven days Dextrose tolerance tests weie made on 
the animals daily Instead of giving a constant dose of dextrose, how- 
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fABLE 2 — Results of Daily Tests of the Tolciance foi Dexhose of Rabbit 7'^ 


Blood Sugar, Jig per 100 Cc 


After Dextrose 


Starvation, 

Hours 

Toxemia, 

Hours 

Dextrose, 

Gm 

Fasting 

f 

30 Jlinutcs 

X 

00 Minutes 

320 Minutes 

21 


5 

305 

182 

179 

143 

•18 

24 

O 

307 

152 

200 

200 

72 

48 

5 

95 

174 

230 

333 

00 

72 

0 

100 

190 

244 

845 

120 

90 

5 

109 

190 

290 

357 

m 

120 

0 

120 

215 

313 

O 

O 
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ever, we gave increasing doses each day Insulin was given subcutane- 
ously twenty minutes before each test in the doses used in the previously 
mentioned experiments, namely, daily 2 unit increments, and dextrose 
was given in quantities that are theoretically cared for by this quantity 
of insulin, 1 e , a ratio of 1 unit for each 2 5 Gm of dextrose 


Table 3 — 

-Results of Daily Tests of the 

Toleiaiice foi 

De\tiose of 

Rabbit 





Blood Sugar, Mg per 100 Cc 







After Dextrose 

' 

Toxemia, 

Insulin, 

Dextrose, 


t 

1 


Hours 

Units 

Gm 

Tasting SO Minutes 

CO Minutes 

120 Minutes 

0 

0 

6 

S3 

143 

1G5 

109 

24 

2 

6 

87 

138 

125 

103 

48 

4 

5 

S9 

125 

S3 

70 

72 

C 

5 

100 

111 

95 

SO 

96 

S 

5 

84 

129 

129 

118 

120 

10 

5 

100 

1S3 

120 

103 

144 

12 

5 

111 

140 

132 

111 


♦This animal was given 0 005 cc of diphtheria to\in (minimal lethal dose, 0 02 ce) 
Increased doses of insulin ncre injected each dai tuenty minutes before 5 Gm of dextrose 
Tvas given 



Chart 3 — Daily curves showing the tolerance for dextrose of rabbit G The 
animal received 0 005 cc of diphtheria toxin Daily increased doses of insulin were 
injected twenty minutes before 5 Gm of dextrose was given (table 3) 

In table 1 and chait 1 aie the figures and curves, i espectively, for 
the control rabbit This animal received no toxin but was given dex- 
trose in quantities of from 5 to 30 Gm and insulin in doses of from 
2 to 12 units It will be noted that all of the cuives are piactically 
normal, with the exception of one on the seventh day, which had a 
marked rise but fell within two hours to a level of 89 mg per hundred 
cubic centimeters For the puipose of comparison, tables 2 and 3 and 
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Table 4— Results of Dailv Tests of the Tolciance foi Deitiose of Rabbit B* 


Blood Sugar, Mg per 100 Cc 


After Dextrose 


Toxemia, 

Hours 

Insulin, 

Units 

Dextrose, 

Gill 

Fasting 

80 Minutes 

00 Minutes 

120 Minutes 

0 

0 

5 

78 

105 

125 

95 

24 

2 

5 

111 

125 

111 

100 

48 

4 

10 

91 

100 

100 

91 

72 

0 

in 

93 

207 

804 

200 

90 

8 

20 

100 

200 

250 

222 


This animal was given a subcutaneous injection of 0 0025 cc of diphtheria toxin (minimal 
lethal dose, 0 02 cc ) Dail> increased quantities of insulin and dextrose were given in i ratio 
of 1 unit of insulin to 2 5 Gm of de' trose 


400 

S50 

300’ 

250 

200 

150 

100 

50 

0 

Fasting 30 Min. 60 Min. 120 iJin. 

Chart 4— Dailj curves showing the tolerance for dextrose of rabbit B Daily 
increased quantities of insulin and dextrose were given in a ratio of 1 unit of 
insulin to 2 5 Gm of dextrose 
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Table 5 — Results of Daily Tests of the Toleiance foi Devtiose of Rabbit C* 


Blood Sugar, Mg per ICO Cc 





r — “ 


—A 

— ^ 






After Dextrose 


Toxemia, 

Insulin, 

Dextrose, 


/ - 

* 


Hours 

Linits 

Gm 

Pasting 

30 Minutes 

CO Minutes 

120 Minutes 

0 

0 

5 

70 

121 

154 

117 

24 

2 

5 

70 

98 

125 

148 

48 

4 

10 

100 

1C7 

211 

250 

72 

6 

15 

OS 

200 

207 

CO 

06 

8 

20 

80 

222 

400 

Dead 


'Ihis auiinul Bas gnen a subcutaneous Injection ol 0 0025 cc of diphtheria to\in (minimal 
lethal dose, 0 02 cc ) Daily increased quantities of insulin and dextrose were gl^cn in a ratio 
of 1 unit of insulin to 2 5 Gm of dextrose 


400 



Chart 5 — Daily curves showing the tolerance for dextrose of rabbit C Daily 
increased quantities of insulin and dextrose were given in a ratio ot 1 unit of 
insulin to 2 5 Gm of dextrose 
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charts 2 and 3 are reproduced from the previous studies In table 2 
and chart 2 are the figures for a toxic animal that received only 5 Gm 
of dextiose daily dm mg the peiiod of toxemia but received no insulin 

Table 6—Resu!is of Daily Tests of the Tolciaiicc foi Dextiose of Rabbit 


Blood Sugar, Mg per 100 Cc 


After Devtrose 


aoxemia, 

Hours 

Insulin, 

Units 

Dextrose, 

Gm 

Fasting 

r ' 

30 Minutes 

—A 

00 Minutes 

120 Minutes 

0 

0 

0 

85 

154 

ICO 

127 

24 

2 

0 

80 

143 

133 

91 

48 

4 

10 

111 

182 

222 

222 

72 

6 

15 

95 

182 

235 

222 

9G 

8 

20 

S3 

143 

200 

222 

120 

10 

25 

no 

202 

267 

Dead 


* This animal A^as given a subcutaneous injection of 0 0021 cc of diphtheria toxin (minimal 
lethal dose, 0 02 cc ) Daily increased quantities of insulin and dextrose were given in a ratio 
of 1 unit of insulin to 2 5 Gm of dextrose 



Chart 6 —Daily cur\es showing the tolerance for dextrose of rabbit D Daily 
increased quantities of insulin and dextrose were given in a ratio of 1 unit of 
insulin to 2 5 Gm of dextrose 


In table 3 and chait 3 are the figiues for a toxic animal that received 
daily 2 unit increments of insulin injected twenty minutes before a 
constant quantity of 5 Gm of dextiose was given 

In tables 4, 5 and 6 and charts 4, 5 and 6 aie the figures for three 
toxic animals that received daily increased doses of insulin and dextiose 
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As the toxemia increased, the tolerance curves became more and more 
abnormal In contrast to the results obtained m the nontoxic rabbits, 
the theoretical dose of insulin necessary to dispose of the mci easing 
quantities of dextiose was inadequate m the toxic rabbits 

CONCLUSION 

These findings definitely confirm the conclusions reached in our 
previous experiments What the mechanism is whereby the action of 
exogenous insulin is inhibited by the toxemia in question is not clear 
It may be a neutralization phenomenon or the toxemia may inhibit 
glycogenesis oi oxidation Further studies are m progress fiom which 
It IS hoped a more specific explanation may be offered From these 
observations, it at least seems conclusive that the effect of this type of 
toxemia is not just that of a suppression of endogenous insulin, as pie- 
viously thought Its effect seems cleaily that of an interference with 
the function or action of insulin, whethei the insulin is of endogenous 
or exogenous origin 

Medical Arts Building 



SIGNIFICANCE OF THE INORGANIC SULPHATE 
CLEARANCE IN RENAL DISEASE 


JOHN W MACY, MDt= 

ROCHESTER, MINN 

It IS not the intention here to add another somewhat complicated 
procedure to the already rather formidable list of tests of lenal function 
However, on the basis of the work of Wakefield, Power and Keith,^ 
confirmed by Hayman and Johnston,^ showing that the concentration of 
inorganic sulphate m the blood is often elevated before the urea, the 
sulphate clearance should show a change before the urea clearance and 
should give still earliei evidence of impaired renal function Here, of 
course, is met the question of renal physiology How is inorganic 
sulphate eliminated by the kidney^ In what way does its excretion 
differ from that of urea or creatinine^ Certain valuable and useful 
laws governing the excretion of urea, leading to the urea clearance test, 
have been established without knowledge of the exact histologic mecha- 
nism by which it takes place, and the same may be tiue for sulphate 

One of the difficulties of woikmg in the metabolism of sulphur has 
been that of finding a satisfactory method for making determinations 
Survey of the methods which various investigators have used will not 
be included here Power and Wakefield ® recently perfected the volu- 
metric method, which is now being used as a routine at the Mayo Clinic, 
and this method was used m all of the determinations of serum and 
urine reported in this papei 

The work presented here consists of a series of simultaneous urea 
and sulphate clearances determined for normal subjects and for patients 

* Fellow in medicine, the Mayo Clinic 

The work was done under the direction of N M Keith, Division of Medicine, 
the Mayo Clinic 

Read before the American Society for Clinical Investigation, Washington, 
D C , May 8, 1933 

This article is the abstract of a thesis submitted to the Faculty of the Graduate 
School of the University of Minnesota in partial fulfilment of the requirements for 
the degree of Master of Science in Medicine 

1 Wakefield, E G , Power, M H, and Keith, N M Inorganic Sulphates 
in the Serum in Early Renal Insufficiency, Significance of Determinations, J A 
M A 97 913 (Sept 26) 1931 

2 Ha 3 'man, J M Jr , and Johnston, Sara M The Excretion of Inorganic 
Sulphate, J Clin Investigation 11 607 (May) 1932 

3 Power, M H , and Wakefield, EG A Method for the Determination of 
Inorganic Sulphate in Blood Serum, Proc Staff Meet , Mayo Clin 6 401 (July 8) 
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^\lth definite or suspected lenal disease The noimal subjects ^\ele all 
male except one and weie membeis of the permanent staff of the Majo 
Clinic and the Mayo Foundation or of the fellowship staff of the Mayo 
Foundation All of the patients were m the hospital service of Dr N 
M Keith ^ The conditions of the test were as nearly standai d as 
possible All of the normal subjects had the diet to which they were 
accustomed, and no attempt was made to calculate the vaiious con- 
stituents The patients had vaiious so-called nephritic diets of which 
the content of protein and the caloric value weie known Most of the 
experiments were done in the morning, following breakfast, at which 
coffee was eliminated because Addis and Drury ® showed that coffee 
affected the clearance of urea A few experiments were carried out 
after the noonday lunch No particular attempt was made to regulate 
the intake of fluid, although the aim was that the range of volume of 
urine passed by normal subjects should be wide All of the normal 
subjects were at rest, as were most of the patients, or were engaged 
in the usual piofessional work around the clinic, so there was no marked 
physical activity in any instance 

The bladder was emptied as soon after the meal as was convenient, 
and one hour after the emptying of the bladder a specimen of urine 
w^as collected, care being taken to save all of the urine The volume 
w^as measured, and determinations of sulphate and urea were made on 
the specimen Blood was drawn from the median basilic vein about 
ten minutes before the end of the hour and the same determinations 
were made, serum being used for the estimation of sulphate and wdiole 
blood for the estimation of urea In a number of instances the deter- 
mination was made for two consecutive hours Determinations of uiea 
were made by Marshall’s method as modified by Van Slyke and Cullen ® 
All of the wmrk on seium sulphate was done in the same laboratory as 
that in which the oiiginal work of Wakefield, Powei and Keith was 
done Most of the estimations of urine sulphate were made m duplicate, 
and if the difference was more than could be explained by experimental 
error, the results weie discarded and the test repeated All of the 
values foi sulphate in this report are expressed as SO4, expressed as S, 
the value would be one third as much 

In four normal subjects during the experiment, the creatinine ratio 
(the concentration of creatinine in the urine divided by the concentra- 
tion of creatinine m the blood) and the creatinine clearance were 

4 Keith, N M Personal communication to the author 

5 Addis, T , and Drury, D R The Rate of Urea Excretion VII The 
Effect of Various Other Factors than Blood Urea Concentration on the Rate of 
Urea Excretion, J Biol Chem 55 629 (April) 1923 

6 Van Slyke, D D , and Cullen, G E A Permanent Preparation of Urease, 
and Its Use m the Determination of Urea, J Biol Chem 1 & 211, 1914 
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estimated when the values foi urea and sulphate were determined The 
conditions were essentially the same, except that, m the woik with 
cieatinine, 5 Gm of cieatinme was taken by mouth at 7 a m The 
bladdei was emptied at 8 a m , and aftei one hour a specimen of urine 
was collected Blood was drawn, and the determinations of creatinine 
weie made with the deteiminations of urea and sulphate The method 
of Fohn ^ was used for the estimation of creatinine in the' urine, and 
a similai method, desciibed by the same authoi,® for the cieatinme in 
the blood Again, in some cases the test was run foi two consecutive 
houi s 

In addition, m one noimal subject the effect of diet on the excretion 
of sulphate was determined The subject voided at 8 a m , and the 
urine was collected at 10 a m , 12 noon, 3, 6, 9 and lip in and again 
at 8 a m , and the sulphate in each specimen was measuied This was 
done on two different days, with a diet of approximately 2,500 calories, 
containing 75 Gm of protein The same procedure was carried out on 
two occasions while the subject was on a starvation legimen In the 
latter case, no food was taken for thirty-six houis, and specimens of 
mine were collected at the same times as those mentioned at the 
beginning of the paragraph The first collection, that at 10 a m , was 
sixteen hours after the beginning of the fast On one day, under each 
of the conditions described, deteiminations of serum sulphate were made 
at vaiyiiig periods 

EXPERIMENTAL RESULTS 

The excretion of sulphate ovei a peiiod of twenty-foui houis, undei 
conditions of normal diet and of fasting, will be given fiist to emphasize 
the importance of regulating this factor whenever work is being done 
111 this field (table 1) On the fiist day, only one specimen was taken 
between 8 and 12 a m , which explains the duplication of figures in the 
fiist two columns It was seen that when the subject was taking 
the usual amount of food, the late of excretion was lowest during the 
moining houis and then gradually rose, reaching a peak on both days 
between 6 and 9 p m , with the excretion at night relatively low When 
food was not taken, on the other hand, the rate of excretion was faiily 
constant during the day, with some increase at night, and at all times 
was much lowei than when the subject was receiving a full diet The 
total output of inorganic sulphate (SOj) on the two days when the 
intake of food was normal was 2 205 Gm and 2 331 Gm , lespectively , 
on the days when food was not ingested, 1 092 and 1 062 Gm Kahn 

7 Folin, Otto On the Determination of Creatinine and Creatine in the 
Urine, J Biol Chem 17 469, 1914 

8 Fohn, Otto Laboratory Manual of Biological aiemistiy, ed 3, New York 
D Appleton and Company, 1922, p 245 
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and Goodndge® found 2 35 Gm of inorganic sulphate (expressed as 
SO3) in a twenty-four hour specimen of urine of a human being and 
w rote that the output at varying times of the day, “vanes with personal 
idiosyncrasy, various conditions of life, and the time of taking the chief 
meal” In his study of a piofessional faster, Benedict^® found the 
excretion in twenty-four hours to be 0 46 Gm of total sulphur on the 
first day of the fast, and it remained at almost this level — 0 50 Gm 
on the fifteenth day and 0 52 Gm on the thirtieth day He quoted two 
other authors, also working with professional fasters, who gave 0 62 
and 0 614 Gm of total sulphur, respectively, as the output in twenty- 
four hours on the first day of fasting He did not state what portion 
of the total sulphur was present as inorganic sulphate Osterberg and 
Wolf divided the day’s output of urine into two tweHe hour speci- 
mens, one collected while the subject was at rest and one while he was 

Table 1 — The Effect of Diet on the Avciage Excieiwn of Inoigamc Sulphate ui 

the Uimc of a Nomial Subject * 


Tune 


Diet 

8 to 

10 A M 

10 A M 
to 12 M 

12 M to 
3PM 

3 to 

6PM 

Mg per Hour 

4 

6 to 
9PM 

9 to 
11PM 

11 P M to 
SAM 

Normal 

55 0 

55 0 

801 

117 4 

132 9 

128 5 

86 4 

Normal 

75 8 

993 

108 6 

112 5 

123 7 

1211 

S8 4 

Fasting 

49 0 

37 5 

34 8 

42 5 

42 0 

432 

57 5 

Fasting 

36 6 

40 3 

47 3 

31 2 

41 2 

481 

55 2 


* Tins IS subject 2 of table 2 

moderately active , they found that the output was larger when the 
subject was moderately active than when he was at rest 

The values for serum sulphate varied much less When the intake of 
food was normal, the range of four determinations was only f 10111 
4 8 mg ill each 100 cc of serum to 5 33 nig in each 100 cc , with the 
highest value for seiuiii sulphate corresponding to the period of greatest 
eliiiiiiiatioii of inorganic sulphates On the day of fasting, three values 
for serum sulphate were 41, 4 6 and 4 7 mg 111 each 100 cc It is 
obvious, therefore, that clearance values taken at col responding periods 
of the day under the two conditions or at different periods of the day 
when the patient is receiving a noimal diet may vary widely 

In table 2 are given the concentiations of sulphate and urea in the 
blood and the urine, the sulphate and urea ratios (the concentration m 

9 Kahn, Alax, and Goodndge, F G Sulfur Metabolism, Philadelphia, Lea 
&. Febiger, 1926, p 136 

10 Benedict, F G A Study of Prolonged Fasting, Washington, D C , 
Carnegie Institution, 1915, publ 203, p 277 

11 Osterberg, E, and Wolf, C G L Day and Night Urines, J Biol Chem 
3 165, 1907 
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the uiine divided b}'’ the concentration in the blood) and the sulphate 
and urea ‘‘clearances” in a group of normal subjects All of the sulphate 
clearances weie determined by the formula ^ X v m which TJ repre- 
sents the concentration in the urine, S the concentration of sulphate in 
the serum and v the volume of urine per minute The formula gives, 


Table 2 — Conccnti ation Rartos and Clemance of Sulphate and Uica in Nonna! 

Subjects 


Clear ince 




Serum 

Sul 

Urine 

Sul 


Blood 

Urine 


Sulphate 

Urea 

U 

Urea 


Urine, 

phate, 

phate, 

Sul 

Urea, 

Urea, 


U 

X V* 

u 

X VV 

Sub 

Cc per 

Mg per 

Mg per 

phate 

Mg per 

Mg per 

Urea 

— 

— X V' 

— 

ject 

Minute 

100 Cc 

100 Cc 

Ratio 

100 Cc 

100 Cc 

Ratio 

S 


B 

B 


1 

0 25 

47 

2G4 

dG 

30 

3,495 

117 


14 

29 


58 

2 

0 43 

4 4 

222 

51 

26 

2,211 

85 


22 

37 


52 

2 

05 

4 7 

227 

48 

SO 

2,185 

73 


24 

36 


GO 

2 

0 53 

39 

256 

6j 

20 

1,464 

7”» 


34 

39 


52 

3 

058 

47 

285 

01 

27 

3,026 

r2 


34 

07 


87 

3 

0 58 

52 

283 


30 

2,547 

85 


32 

51 


60 

4 

OG 

4 5 

232 

52 

28 

2,420 

80 


30 

52 


06 

5 

08 

51 

240 

47 

30 

1,460 

49 


39 

37 


42 

5 

0 83 

58 

257 

44 

28 

1,399 

54 


35 

45 


48 

5 

1 0 

4 2 

81 

19 

28 

1,194 

43 


19 

43 


43 

2 

1 0 

42 

125 

30 

22 

1,300 

60 


SO 

57 


57 

2 

10 

4 1 

120 

29 

20 

1,330 

67 


29 

60 


60 

0 

10 

4 5 

152 

34 

20 

1,720 

66 


34 

60 


GO 

2 

1 1 

42 

113 

27 

24 

1,293 

54 


23 

59 


55 

4 

12 

51 

180 

35 

80 

1,850 

02 


41 

74 


08 

7 

1 25 

4 4 

125 

28 

30 

1,285 

43 


35 

54 


48 

2 

127 

44 

104 

24 

24 

1,246 

52 


30 

60 


59 

2 

1 3 

4 5 

81 

18 

33 

1,192 

30 


24 

47 


42 

2 

1 3 

40 

90 

24 

18 

980 

55 


n 

71 


02 

2 

1 42 

4 4 

102 

23 

20 

1,303 

08 


33 

97 


82 

8 

1 55 

3 5 

75 

22 

25 

918 

35 


33 

55 


43 

Q 

1 58 

3 4 

89 

20 

24 

1,118 

47 


41 

75 


59 

2 

1 05 

4 4 

79 

18 





35 




2 

20 

42 

50 

12 

2< 

708 

28 


24 

40 



7 

20 

44 

81 

18 

28 

950 

38 


37 

48 



1 

2 23 

43 

57 

14 

40 

731 

18 


30 

41 



9 

2 58 

34 

48 

14 

22 

632 

29 


39 

75 



G 

2 78 

43 

55 

13 

22 

562 

20 


30 

71 



10 

28 

4 4 

no 

20 

20 

1,318 

51 


74 

168 



11 

2 83 

39 

43 

11 

14 

422 

30 


31 

84 



12 

30 

4 2 

48 

12 

10 

551 

34 


35 

103 



7 

4 66 

4 7 

44 

9 

24 

421 

18 


44 

82 



12 

56 

4 1 

29 

7 

14 

246 

18 


40 

88 



2 

00 

4 4 

27 

0 

14 

294 

21 


36 

126 



8 

6 83 

3 5 

21 

0 

24 

325 

14 


37 

83 



11 

9 33 

48 

10 

3 

18 

180 

10 


30 

93 



2 

10 17 

4 4 

19 

4 

30 

207 

7 


44 

70 



2 

11 83 

4 4 

17 

4 

20 

170 

9 


40 

100 




* This IS e\plained in the text 


m theory, the actual number of cubic centimeters of blood cleared of 
sulphate in one minute The same result would be obtained by determin- 
ing the number of milligrams of sulphate eliminated in the urine in one 
minute and dividing this by the amount contained m 1 cc of serum , one 
would thus find the volume of blood which would contain the amount 
of sulphate eliminated m this period of time Nothing, therefore, is 
taken foi granted in using this formula, for it represents the simplest 
possible ratio if these three factors are to be taken into consideration 
Moreover, since the concentration of sulphate m the serum of a normal 
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person vanes within narrow limits, and since, as will be shown later, 
the output IS to a large measure independent of the volume of urine, 
there was no indication that the formula should be modified In the 
first column of figuies, recoidmg urea clearance, the same method was 
used to obtain the results, B represents the concentration of uiea in 
the blood In the second column, the foimula X v was used foi 
cases in which the volume of uiine was less than 2 cc each minute 

These results aie evidence, first, that the sulphate ratio is lower than 
that of the urea, although m one or two instances the ratios closely 
approached each other, and in an occasional case, not shown in table 2 
the sulphate ratio was higher The lange for sulphate is from 3 to 65, 
and that foi urea from 7 to 117 Second, the results indicate that there 
IS a gi eater uniformity of sulphate clearance than of urea cleaiance 
This IS not so much in evidence if only the extreme instances aie con- 
sidered, for the sulphate clearance langes from 14 to 74, and the uiea 
clearance from 29 to 168, if a similar formula is used When the for- 
mula V is used foi a volume of mine of less than 2 cc pei minute, 
the uiea cleaiance varies from 42 to 87 However, a laiger number of 
values for sulphate than for uiea fall within the aveiage This factor 
will be illustrated again m tables 3 and 4 Third, the results constitute 
evidence that the sulphate clearance is relatively unaftected by the 
volume of urine, although the latter exerts a slight influence as will 
be shown latei The impression to be gained is that the excietion of 
sulphate must diffei from that of the urea, because the volume of urine 
in the former case plays a less important part, and m measuring sulphate 
clearance, for all practical pui poses, no “augmentation limit” need be 
considered 

In most respects the lesults weie similar to those of Hayman and 
Johnston - and Cope,^~ who found with few exceptions that the concen- 
tration ratio of sulphate was lower than that of urea Ha} man and 
Johnston, however, had somewhat less uniformity in then figures for 
the sulphate ratio and concluded that the laws of excretion of sulphate 
are similar to those for excretion of urea as given by Moller, McIntosh 
and Van Slyke,^^ so far as the volume of urine is concerned and that 
the augmentation limit is at about the same level, namely, between 1 and 
2 cc for one minute Cope’s figures for sulphate clearance, on the 
other hand, are even more constant than those given hei e and coi i espond 
closely to them He, too, found that the volume of urine has little 
effect on the result 

12 Cope, C L Inorganic Sulphate Excretion bj the Human Kidney, J 
Plnsiol 76 329 (Nov) 1932 

13 Moller, Eggert, McIntosh, J F, and Van Slyke, D D Studies on Urea 
Excretion II Relationship Between Urine Volume and Rate of Urea Excretion 
b^ Normal A.dults, I Clin In\estigation 6 427 (Dec) 1928 
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In attempting to determine from table 2 a normal value for sulphate 
clearance, it was found that twenty-six of thirty-eight determinations 
(68 per cent) lay between 25 and 40, with six falling on either side of 
this range Only two were below 20 One of these was 19, and this 
subject had two other values, 39 and 35, respectively The other was 
14, and the volume of urine, when this was obtained, was only 0 25 cc 
each minute , with a larger urinary output, the clearance of this person 
was 30 It may be deduced fiom these results that low volumes of 
urine affect the output of inorganic sulphate, and in Older to obtain 
normal deal ance the volume should be 0 5 cc oi more each minute 
From these figuies it seems justifiable to take 20 as the lower limit of 
normal if the output of urine equals, or exceeds, the minimal amount 
It seems conservative to take 20 as the lower limit, since 34 is found 


Table 3 — Compaiison of Snlpltafc, Utea and Cicahmne Clcaianccs, Noimal 

Subjects 



Sulphate 

Urea 

Creatinine 


U 

U 

D 


— X V 

— X V 

— X V 

Subject* 

S 

B 

B 

8 

oS 

03 

190 

8 

57 

38 

171 

IS 

30 

54 

158 

13 

33 

53 

144 

3 

49 

49 

217 

3 

46 

48 

185 

2 

30 

70 

217 

2 

28 

60 

178 

2 

SO 

60 

856 

2 

24 

40 

185 


* Subjects 8, 3 and 2 are represented also in table 2 


to be the average of all of the normal values in this series, and since 
Cope also reported an average m normal subjects which is close to this 
figure In two groups his average was 35 6 and 35 3, respectively, 
whereas in eleven determinations made on the same subject the average 
clearance was 32 1 

Table 3 gives a comparison of sulphate, uiea and cieatinme clear- 
ance, determined simultaneously on normal subjects The two series of 
values lecorded for the first three subjects lepresent tests made dining 
two consecutive hours, whereas the lesults representing subject 2 were 
obtained on four different occasions These figures confirm the observa- 
tions of Hay man and Johnston - and Cope that the clearance of 
sulphate, or in other words, the concentration of sulphate b)^ the kidney, 
is less than that of the urea in most instances, and that both of these 
substances aie concentrated to a much smaller degree than is creatinine 
They also indicate again that the sulphate clearance tends to be more 
constant than that of either the urea or the creatinine This is best 
illustiated m subject 2, w'hose range foi sulphate clearance is only 
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from 24 to 30 for urea from 40 to 70 and for creatinine fiom 178 
to 356 

In table 4 are given the hourly output in milligrams of inorganic 
sulphate and the clearance values for sulphate and urea as obtained for 
one normal subject on fifteen difterent occasions, with varying degiees 
of diuresis This indicates that the volume of urine may play some 
part in the excretion of sulphate, in that the lowest output was obtained 
with the lowest volume and the gieatest output with the maximal volume 
However, it is seen that for outputs of urine of from 0 5 to 6 cc each 
minute, little effect is apparent, and it is only at the extremes that this 
factor assumes any impoitance Table 4 again indicates that the con- 
stancy of sulphate is greater than that of the corresponding urea 
clearances 


Table 4 — Houilv Output of Sulphate, Sulphate Cleat auee and Utca Clearance, 
zwth Vaivittg Degiees of Dtuiests One Nonna! Subject^ 





u 

u 



Output of Sulphate, 

— X V 

— X V 

Inne per Minute, Cc 


Mg per Hour 

s 

B 

0 43 


58 

22 

37 

03 


61 

24 

30 

0 53 


82 

34 

39 

1 0 


75 

29 

57 

1 0 


72 

30 

60 

1 1 


73 

29 

59 

1 2 


75 

30 

60 

1 3 


79 

31 

47 

1 3 


Go 

24 

71 

1 42 


87 

oo 

)<> 

97 

195 


92 

33 


2 0 


61 

24 

40 

60 


93 

JO 

120 

10 2 


119 

44 

70 

11 S 


122 

40 

ICO 


* This IS subject 2 of table 2 


Table 5 gives data similar to those given in table 2, but the persons 
represented m table 5 had real or suspected renal disease In only one 
case was the disease advanced Again, except m two cases, the urea 
ratio exceeded that of the sulphate One of the patients gave little 
evidence of renal injur}^, the other patient was m the terminal stages 
of uremia In general, there seems to be a tendency for these ratios 
to approach each other as renal function becomes more seriously 
impaired This is in accord with the observations of Cuthbertson and 
Tompsett,^^ who stated ^'Relative to nitrogen, inorganic sulphate is 
retained in proportionally greater amount m minor degrees of retention 
than in more severe types, where relative to nitrogen it is less 
prominent ” 


14 Cuthbertson, D P , and Tompsett, S L Preliminary Note on the 
Inorganic Sulphate Content of the Blood with a Method for Its Determination, 
Biochem J 25 1237 (Julv-Aug ) 1931 
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In table 6 is given a summary of the renal status of a group of patients 
with definite or suspected disease of the kidney, including data on most 
of those listed m table 5 The results of the tests commonly employed 
at the Mayo Clinic and the sulphate clearance m each case are given 
As has been stated, 20 cc each minute has been taken as the lower limit 
of noimal for the sulphate clearance For serum sulphate, anything more 
than 5 5 mg foi each 100 cc of serum is considered to be abnormal. 

Table 5 — Sulphate and Uica Ratios and Clcaiance of Sulphate and Uiea, Patients 
zvith Some Evidence of Renal Disease 


Clearance 




Serum 

Sul 

Urine 

Sul 


Blood 

Urine 

r 

Sulpliate 

Urea 

Urea 


Unne, 

plidte, 

pliatc, 

Sul 

Urea, 

Urea, 


U 


U 

U 

Sub 

Cc per 

Mg per 

Mg per 

phdte 

Mg per 

Mg per 

Urea 

— 

X V 

— X V 

— X VV 

jeet 

Minute 

100 Cc 

100 Cc 

Ratio 

100 Cc 

100 Cc 

Ratio 

S 


B 

B 

14 

0 42 

4 3 

207 

48 

33 

2,095 

62 


20 

20 

39 

15 

0 42 

3 2 

103 

37 

36 

1,394 

38 


16 

16 

24 

16 

0 42 

92 

87 

9 

24 

1,049 

44 


4 

18 

28 

17 

0 43 

97 

193 

27 

26 

2,049 

79 


11 

34 

50 

18 

0 47 

41 

173 

42 

10 

1,697 

104 


16 

48 

74 

14 

05 

4 3 

224 

92 

40 

1,956 

49 


26 

25 

35 

19 

05 

7 8 

54 

7 

30 

811 

23 


3 

11 

16 

20 

06 

5 0 

168 

30 

26 

1,570 

00 


18 

36 

47 

20 

06 

5 9 

140 

24 

36 

1,504 

42 


14 

29 

33 

21 

0 07 

46 

91 

20 

16 

1,330 

83 


13 

56 

08 

18 

07 

4 3 

100 

25 





17 



22 

07 

48 

291 

61 

32 

2,215 

09 


42 

48 

oS 

23 

07 

0 7 

31 

0 

36 

515 

14 


3 

10 

12 

22 

0 73 

91 

287 

57 

28 

2 299 

82 


43 

00 

71 

15 

0 79 

52 

108 

31 

40 

1,618 

40 


24 

30 

39 

24 

0 75 

11 7 

90 

8 





6 



24 

0 78 

11 5 

80 

7 

124 

032 

4 


6 

4 

5 

29 

0 83 

9 2 

62 

12 

50 

719 

24 


10 

20 

22 

16 

0 92 

92 

01 

7 

20 

896 

43 


6 

39 

41 

17 

0 92 

97 

123 

22 

20 

1,678 

84 


20 

77 

80 

19 

0 92 

7 2 

68 

9 

36 

815 

23 


9 

21 

22 

26 

0 92 

7 5 

SO 

11 

95 

991 

17 


11 

16 

17 

21 

1 08 

4 0 

09 

14 

16 

979 

61 


19 

06 

64 

27 

1 28 

5 2 

90 

19 

34 

1,246 

37 


24 

47 

42 

23 

1 47 

6 7 

29 

4 

30 

402 

11 


6 

16 

13 

28 

1 75 

49 

37 

8 

18 

548 

31 


13 

93 

40 

29 

2 66 

9 7 

30 

5 

20 

288 

14 


14 

39 

26 

2 83 

76 

27 

4 

98 

367 

0 


10 
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and for urea anything more than 40 mg for each 100 cc of blood 
The lowest value considered normal for “standard” urea clearance (when 
the volume of urine is less than 2 cc each minute) is 40 cc , and for 
the “maximum” urea clearance 60 cc each minute Excretion of phenol- 
sulphonphthalein by a normal subject for two hours after intravenous 
administration should be 50 per cent or more Only in the cases 
indicated m the table was a concentration test performed In other 
instances in which the specific gravity is given in the column in which 
the results of the concentration test are recorded the specific gravity 
recorded represents the highest figure that was obtained on routine 
examination of the urine, it is given in every case in which it was 
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1 025 or more, for it is evident in such cases ;that there could be no 
definite impairment of the concentrating ahihbV The result of the 
dilution test is given in each case in which it Was performed The 
normal subject should be able to produce urine of\a specific gravity of 
1 003 under the conditions of the test, but a numbVsof factors may 
influence the result, and consequently a slightly higher^gure is given 
consideration only in the presence of other evidence of impaired renal 
function 

The sulphate clearance in the first twenty-three cases recorded in table 
6 was 20 or more and consequently within the accepted limits of normal 
In twelve of the twenty-three cases all of the other tests were normal 
as well, whereas in eleven cases the results of one or more of the other 
tests were somewhat abnormal In six of the latter group of eleven 
cases the value for serum sulphate was more than 5 5 mg in each 100 cc 
In cases 31, 41 and 44, this was the only evidence, so far as functional 
tests are concerned, of any impaired renal function, whereas in cases 43 
and 47 the elevated value for serum sulphate was accompanied by a 
slightly reduced excretion of phenolsulphonphthalem In case 49 there 
was unquestionable evidence of advanced renal insufficiency In five 
of the eleven cases the urea clearance was low, and in cases 46 and 50 
all of the other tests were within normal limits, whereas in cases 14 
and 35, there was also some reduction in the output of phenolsulphon- 
phthalem Again, in case 49, the urea clearance was definitely lowered 
The excretion of phenolsulphonphthalem was below 50 per cent in six 
instances, but in only one case (case 27) was this the only test in which 
the results were abnormal In cases 14, 35, 43 and 47, there was also a 
change in the value for serum sulphate or that for urea clearance, and 
in case 49 all of the results weie abnormal 

The finding of a normal sulphate clearance in the presence of an 
elevated value for serum sulphate such as that obtained in the six cases 
mentioned, in which the elevation was not due to an added ingestion 
on injection of sulphate, brings up a problem which is of importance and 
which deserves further study Keith* recorded a numbei of cases m 
which this was true for urea Theoretically, the clearance should always 
be diminished under these circumstances, except perhaps during the 
stage of recovery from a condition which had brought about a period 
of elevation of the value for serum sulphate, during which this level 
was returning to normal From the results obtained in the six cases 
mentioned, it must be admitted that the clearance of a substance is not 
always an infallible index as to its retention m, or elimination from, the 
organism 

Of the remaining thirty-five cases in which the sulphate clearance 
was less than 20, there were seven in which all of the other tests (except 
the dilution test) gave normal values These were cases 18, 21, 28, 56, 
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59, 63 and 66 In four of these it is seen that the specific gravity of the 
urine after the dilution test did not reach 1 003 In two of the seven 
cases, the concentrating ability was not satisfactorily shown, for con- 
centration tests were not made, and the highest specific gravity found 
on routine examination of the urine was 1 022 m both cases This 
IS sufficient to show, however, that there could have been little, if any, 
impairment in this respect In the remaining five cases, the concentrat- 
ing power was entirely satisfactor}^ That the kidneys m these cases 
were definitely affected is indicated by the fact that all of the subjects 
had albuminuria, graded from 1 to 4 , that erythrocytes were present in 
the urine m five of the seven cases, and that casts were found m four 
cases The diagnosis was “diffuse arterial disease with hypei tension” 
in four of the seven cases, and “chronic glomerular nephritis,” in the 
remaining three cases, m two of which theie was a “nephrotic” element 
The most definite i eduction of sulphate clearance was seen in the latter 
group, composed of cases 21, 28 and 66, m all of which there was a high 
grade of albuminuria with some edema This appears to be m keeping 
with the work of Grabfield,^® who found that the excretion of sulphui by 
patients with nephrosis was reduced, whereas the output of nitrogen was 
noimal He attributed this not to any inability of the kidney to eliminate 
sulphur but to some defect in the intermediary metabolism of sulphur 
Among patients with “Bright's disease” but no edema, on the other 
hand, he found a negative sulphur balance No true experiments on 
sulphur balance have been carried out in this study or in the pievious 
work dealing with serum sulphate, but so far as the inorganic sulphate is 
concerned, it apparently is retained in the presence of lenal injury, 
legardless of the type of injury 

The retention of sulphate and its slower return to normal in the 
serum and in the clearance value are illustrated m table 7 In the case 
on which this table is based acute renal insufficiency developed, which, 
however, responded readily to treatment Table 7 discloses that the 
value for the blood urea returned to normal before the value for 
the seiuni sulphate, and that the urea clearance was normal before the 
sulphate clearance, the sulphate clearance showing evidence of impaired 
function longer than any of the other tests, although it, too, was normal 
at the last determination Only one such case, perhaps, has little 
significance, but it is entirely m keeping with the seven cases considered 
earlier m the paper 

15 Grabfield, G P Studies on the Nitrogen and Sulfur Metabolism m 
“Bright’s Disease ” I The Retention of Nitrogen and Sulphur m “Nephrosis,” J 
Clin Investigation 9 311 (Oct) 1931 

16 Grabfield, G P Studies on the Nitrogen and Sulfur Metabolism in 
“Bright’s Disease ” II Observations on Nitrogen and Sulphur Excretion m 
Patients Without Renal Edema, J Clin Investigation 10,309 (June) 1931 
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Therefore, of the fifty-eight patients listed in table 6, who w'ere 
admitted to the hospital because of general clinical evidence or urinar} 
changes -which suggested renal disease, there were seven (approximately 
12 pel cent) w’-hose only evidence of renal insufficiency, as far as 
functional tests were concerned, was reduced sulphate clearance There 
w'ere nine additional cases (cases 17, 52, 55, 57, 60, 62, 65, 67 and 68) 
in which the sulphate clearance was below normal , it was accompanied 
by an abnoimal figuie for only one other test, which in six of the nine 
cases w^as the urea cleaiance test Of the total series of fifty-eight 
cases, there weie forty-six in which one or more of the functional tests 
gave evidence of impaired renal function The sulphate clearance was 
abnormal in 76 per cent of these forty-six cases, the urea clearance m 
61 per cent, the value for serum sulphate in 52 per cent, the excretion 
of phenolsulphonphthalein m 39 pei cent and the value foi blood urea in 
20 pel cent 


Table 7 — Functional Tests Duung the Penod of Recoveiy fiom Acute Renal 

InsufficiOicy 



June 8 

June 14 

June 23 

June 29 

Blood urea, mg per 100 cc 

93 

40' 

IS* 

IG* 

Serum sulphate, mg per 100 cc 

94 

GO 

4 7* 

3 9* 

Urea clearancet 

14 (m) 

21 (s) 

45 (S)* 

01 (m)* 

Sulphate clearance 

10 

16 

IG 

20* 


* ^ormal 

t Maximum clearance is indicated by (in), and standard clearance bv (s) 


COMMENT 

Since the work of Rehberg,^" creatinine has been widely accepted 
as the “no threshold” substance pai excellence, in spite of Rehbeig’s 
statement that the work was based on nothing more than a hypothesis 
as to the manner in which creatinine is eliminated by the kidneys Many 
investigators have used it as a basis of comparison by which to determine 
the method of excretion of other metabolites If a substance such as 
urea for instance is of lower ratio than the creatinine, it is taken as 
evidence of reabsorption of urea in the tubules However the present 
figures give evidence of a constancy of output of inorganic sulphate 
which resembles that of creatinine as found bj'- other wmrkers And this 
study, as well as those of Hayman and Johnston - and of Cope,^- shows 
that uudei normal conditions the creatinine ratio is alw^ays much higher 
than that of the sulphate The constancy of the output, in spite of 
considerable variation in the volume of the urine, seems to testify 


17 Rehberg, P B Studies on Kidney Function I The Rate of Filtration 
and Reabsorption in the Human Kidnei, Biochem J 20 447 (May -June) 1926 
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against a tubular reabsoiption of sulphate But if the excietion is b} 
the same mechanism as that of cieatmme, ratios should be the same 
Is this an argument in favoi of the theoiy of a tubulai secretion of 
cieatmme^ Cope suggested such a secretion as a distinct possibility, 
wheieas Hayman and Johnston expressed the belief that the difteiences 
in latio aie best explained on the basis of a tubulai reabsorption of 
sulphate In this connection, the woik of Shannon, Jolhffe and Smith 
IS of inteiest, the}'' have compared the excretion of creatinine with that 
of nonmetabohzed sugais 

Fiom the clinical point of view, further investigations must be made 
before the sulphate cleaiance can be assigned in its proper place among 
the tests of early renal insufficiency, but the preliminary woik suggests 
that this place may be one of impoitance The procedure is too involved 
foi use as a loutine, except m institutions in which full laboratory facili- 
ties aie available, and it is not justified even here unless it gives infor- 
mation that IS not available from any other source In the seven cases 
considered there is something definitely abnoimal in the late of excretion 
of sulphate when the other tests show the kidney to be functioning 
noimally That the fault in some of these cases, paiticularly those m 
which there were nephrotic tendencies, may be outside the kidney is 
a possibility, but the presence of renal injury as a contributing factor 
is difficult to exclude There can be no doubt that the clearance of 
sulphate is lowered in the presence of definite lenal injury, and this 
is true whether or not edema is present 

The value for sulphate clearance which has been chosen as the lowei 
limit of normal is probably too low, in that it is considerably below the 
aveiage obtained in work with normal subjects The figures which have 
been chosen as a minimum normal foi urea clearance represent approxi- 
mately 80 per cent of the average found among normal subjects by 
Mollei, McIntosh and Van Slyke,^^ whereas 20 for the sulphate cleai- 
ance represents only 59 pei cent of the noimal average as determined 
fiom table 2 of this report A cleaiance of 25 or less should warrant 
further investigation, and if on repeated tests no highei value is obtained, 
the presence of impaired function must be seriously considered In 
this series, however, in which there was only one reading m many of 
the cases, the low minimal value has been used to avoid inclusion of 
questionable i esults 

Emphasis should be given again to the factors which must be con- 
ti oiled when one is working in this field, paiticularly the intake of food 
The actual conditions in this respect are not so impoitant as long as 

18 Shannon, J A , Jolliffe, Norman, and Smith, H W The Excretion of 
Urine in the Dog VI The Filtration and Secretion of Exogenous Creatinines 
Am J Phisiol 102 534 (Dec) 1932 
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they are always the same, and as long as the same conditions aie main- 
tained in establishing the normal The bladdei must be carefully 
emptied after the proper interval, and all of the mine must be saved 
In working with small volumes of urine, a loss of 2 or 3 cc will intro- 
duce a large percentage of error The actual laboratory technic must 
be as accurate as in any complicated procedure , unless this is done, thei e 
IS always the chance for error to appear in an occasional determination 

SUMMARY AND CONCLUSIONS 

1 When a person is following a regimen of fasting, the excretion 
of inorganic sulphate is fairly constant throughout the day, whereas 
when he is receiving a normal diet there is considerable variation The 
value for serum sulphate under similar circumstances changes much 
less 

2 Inorganic sulphate is concentrated less in the urine than is either 
urea or creatinine, and the clearance of sulphate tends to maintain a 
more constant level than that of either of the other two substances 

3 The sulphate clearance is relatively independent of wide changes 
in the volume of the urine 

4 With definite renal insufficiency the sulphate clearance is reduced 
in a great majority of instances, although in some cases it is normal 
when other tests indicate impaired function 

5 The sulphate clearance of six patients was normal in the presence 
of an elevated value for serum sulphate At present the explanation of 
this IS not clear 

6 In 12 per cent of a series of fifty-eight cases of definite or sus- 
pected renal disease, the sulphate clearance indicated impaired renal 
function when all of the other tests gave figures within normal limits 



THE CHOLESTEROL AND VITAMIN A CONTENT OF 

THE LIVER IN MAN 

A SlUDY OF ONE HUNDRED AND SIX LIVERS OBTAINED AT AUTOPSY 
GULLI LINDH MULLER, MD 

AND 

M M SUZMAN, MD-* 

BOSTON 

Few data on the cholesteiol content of the hvei in man are available 
In 1913, Grigaiit ^ found an average of 0 35 Gm per hundred grams 
of human liver In the following yeai, Landau and McNee “ lecorded 
the cholesteiol content of the hvei m nine cases as vaiying fiom 0 18 to 
046 Gm per hundred giams of fresh liver Since that time a few 
scatteied obseivations ha\e been reported The most extensive study 
was made by Fex,’’ who detei mined the content of cholesterol in the liver 
in twenty-two cases He found that the normal lange was between 
0 254 and 0 396 Gm pei hundred grams, while in the pathologic liver 
the cholesterol varied fiom 0 241 to 043 Gm pei hundred giams 

The cholesteiol content of the liver in one hundred and six cases in 
which postmortem examinations weie made is lepoited in this paper 
Incidentally, the same autopsy mateiial was used by one of us (Suzman) 
for vitamin A determinations As no studies are available correlating 
the vitamin A and the cholesterol content of the liver, it was thought 
of interest to correlate them, especially since Takahashi and Nakamiya ^ 
had leported that vitamin A belongs to the gioup of substances classified 
as sterols Seel ° i ecently repoi ted that a purified substance containing 

* Medical Research Fellow ( 1929-1931 ) of the Rockefeller Foundation, and 
Research Fellow in Medicine of the Massachusetts General Hospital and Harvard 
Medical School 

From the Thorndike Memorial Laboratory, Second and Fourth Medical 
Services (Harvard), Boston City Hospital, the Department of Medicine. Harvard 
Medical School, and the Massachusetts General Hospital 

1 Grigaut, A Le cycle de la cholestennemie. Pans, G Steinheil, 1913 

2 Landau, M , and McNee, J W Zur Physiologie des Cholesterinstoff- 
wechsels, Beitr 7 path Anat u z allg Path 58 667, 1914 

3 Fex, J Chemische und morphologische Studien uber den Cholesterm und 
die Cholesterm Ester in normalen und pathologisch veranderten Organen, Biochem 
Ztschr 104 82, 1920 

4 Takahashi, K, and Nakamiya, J Physiological Significance of Biostenn 
(So-Called Vitamin A), Jap M World 5 2, 1925 

5 Seel, H Ueber die chemische Natur des antizerophthalmischen Vitamin 
“A,” Arch f exper Path u Pharmakol 159 93, 1931 
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vitamin A gave cholesterol leactions which paralleled the biologic test 
for vitamin A, and that this substance was soluble in the usual solvents 
for sterols He feels, therefore, that although positne pi oofs are lack- 
ing, his investigations corroborate those of Takahashi and Nakamiya, 
and that his findings make it probable that vitamin A is an mtermediaiy 
product of the cholestei ol metabolism In a comprehensive i eview of work 
on the vitamins. Browning ® also decided that the results of prolonged 
investigations into the nature of vitamin A prove that it belongs to the 
sterol class of substances, allied to cholesterol or eigosterol Furthei, 
it has been shown experimentally ’’ that mice suffering from avitaminosis 
A have less cholestei ol m the liver than do normal mice 

MATERIAL AND METHODS 

The material was obtained m a senes of one hundred and siv autopsies at the 
Massachusetts General Hospital, Boston City Hospital and Beth Israel Hospital At 
the autopsy varying amounts of hepatic tissue were placed in air-tight jars of known 
weight, each containing 50 cc of 40 per cent aqueous potassium hydroxide These 
were then reweighed to ascertain the exact amount of liver m each On standing, 
saponification of the liver took place , this process was completed by heating the 
jars in a bath of boiling water for fifteen minutes The content of each jar was 
then measured and diluted with distilled water to a definite volume The material 
was stored until it was convenient to carry out the estimations It was ascertained 
that storage did not affect appreciably the amount of cholesterol in the liver 

The method used for carrying out the determinations of cholesterol in the liver 
has been described by Cornell ^ It proved reliable in our hands Cornell’s experi- 
ence that ether as the extracting fluid gave little or no interfering coloration was 
verified All of the determinations were carried out in duplicate and, occasionally, 
triplicate 

The amount of \itamin A in these livers was determined by one of us 
(Suzman) ® 


6 Browning, E The Vitamins, Monogr Pickett-Thomson Research Lab, 
1931, no 1 

7 Javillier, M , Rousseau, S , and Emeric]ue, L La composition chimique 
des tissus dans I’avitaminose A Phosphore, extrait lipoidique, cholesterol, Compt 
rend kcad d sc 188 580, 1929 

8 Cornell, B S Accurate Colorimetric Technic for Blood and Tissue 
Cholesterol Estimations, J Lab & Clm Med 14 , 251, 1928 

9 For this purpose portions of liver removed at autopsy were placed m 
50 cc of a 40 per cent aqueous solution of potassium hydroxide After saponifica- 
tion, the material was extracted three times with petroleum ether After being 
washed with water several times until there was no tendency to form an emulsion, 
and after dehvdration by means of anhj'drous sodium sulphate, the layer of petro- 
leum ether was evaporated to dryness under partial pressure m an atmosphere of 
carbon dioxide The residue, consisting of the unsaponifiable fraction, was dis- 
sohed in a known amount of chloroform and assayed for its vitamin A content 
bj the antimony trichloride method of Carr and Price (Biochem J 20 497, 1926), 
the Rosenheim-Schuster modification of the Lovibund tintometer being used The 
results are expressed in blue units per gram of tissue “per centimeter cube,” 
according to the method of kloore (Biochem J 23 1267, 1929) 
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RESULTS 

The amount of cholesteiol in the hveis in the one bundled and six 
cases studied varied from 0 098 to 1 003 Gm per hundred grams, with 
an average of 0 301 Gm The actual distribution of the cholesterol values 
IS illustrated m the chait 

The 1 elation of vitamin A to cholesteiol is illustiated in table 1 
Discaidmg the two extieme cases, the coefficient of con elation is 
0 036 ± 0 067, a value showing no coi relation The cholesterol cm ve is 
slightly skewed to the left, while the sample of cases with respect to 
the vitamin A content shows extieme skewness (chart) Forty-seven 
of the one hundred and six cases, oi 44 3 pei cent, showed vitamin A 

Table 1 — The Qiiafiitiaiwc Relation of Cholestei ol to Vitamin A in the Livci in 

One Hundicd and Six Cases 



Per Cent 

Vitamin A 


of Total 

Units per 

Ca'-es 

Number 

Gram 

47* * 

44 34 

0 99 

30 

28 30 

100 199 

9 

8 49 

200 209 

4 

3 77 

300 399 

0 

5 06 

400 499 

3 

2 83 

500 599 

1 

0 94 

600 699 
700 799 

2 

1 90 

SOO 809 

3 

2 84 

900 999 
1000 1099 
1100 1199 
1200 1299 
1300 1399 

1 

0 94 

1400 1409 


Cases 

Per cent of total number 


Cholesterol, Mg per 100 Gm 

A ^ 

0 99 100 199 200 290 300 399 400 499 000 599 GOO GOO 700 799 


1 C 25 9 2 

14 11 3 

15 2 1 

12 1 

3 2 

2 1 

1 


111 

o 


1 


2 

1 2 


1 


1 8 50 20 8 3 2 1 

0 94 7 55 52 83 24 52 7 55 2 84 1 64 0 94 


* The cholesterol of the liver m one case not rccordctl m the table ^^as 1,003 mg per hundred 
grams 


values below 100 blue units per gram of hvei tissue, and of these tweKe, 
Ol 1 1 3 pel cent, showed complete absence of vitamin A, while eighty- 
four, Ol 79 2 per cent, had a cholesterol content of from 200 to 400 mg 
pel hundred grams Cholesteiol was nevei absent in any livei, which 
indicates that this substance is an integral part of the liver tissue 

Statistically no significant differences in the cholesterol content of 
the hvei between the two sexes could be made out The aveiage and 
Its standaid deviation for the sixty males weie 290 ± 13 3 mg pei 
bundled giams, and for the fifty-six females, 325 ±19 2 per hundred 

grams The difference and its standard deviation were 35 ± 23 4 

values which cannot be considered significant 

The age of the one hundred and six patients at death langed from 
10 months to 81 years The coefficient of correlation of the age and 
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The distribution of cholesterol and vitamin A m the liver in one hundred and 
SIX cases Cholesterol is represented by the broken line and vitamin A by the 
unbroken line Milligrams per hundred grams of tissue (cholesterol) and units 
per gram (vitamin) are shown below The grouping of cases is shown at the left 


Table 2 — The Avwunt of Chofcstciol w the Liver in Vauous Diseases 





Cholesterol, Mg 

per 100 6m 


Diagnosis 

Cases 0 99 

100 199 

200 299 

300 399 400 499 

500 599 

G00G99 700 799' 

Acute infection 

33 1 

4 

24 

4 




Tuberculosis 

11 

2 

8 

1 




Operative death 

5 

1 

4 





Thrombosis 

G 


2 

4 




Acute anterior poliomyelitis 

2 


2 





Sj philis 

1 


1 





Internal hemorrhage 

1 


1 





Chrome nephritis 

2 


1 

1 




Diabetes mellitus 

1 


1 





Pulmonarj embolism 

1 


1 





Acute and subacute cndocar 








ditis 

G 


2 

2 


1 

1 

Sarcoma 

2 


2 





Malignant lymphoma 

1 


1 





Carcinoma 

15 


5 

5 

4 


1 

Hypertension* 

9 


2 

4 

1 


1 

Dlasmatocytoma 

1 



1 




Mjelogenous leukemia 

1 



1 




Pernicious anemia 

1 



1 




I ipoid nephrosis 

1 




1 



Thj rotoxicosis 

1 




1 



Pemphigus 

1 





1 


Alcoholic cirrhosis 

1 





1 



* Tho cliolesterol of the liver m one case not recorded in the t ihle 1,00" mg per 
hundred grams 
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the cholesteiol content of the liver was 0140 ± 0 066, indicating that 
no significant relation existed between these two factors 

It IS evident that in autopsy material from general hospitals the 
disease processes are not, as a rule, clearcut and that several conditions 
may be present in the same person An attempt, however, has been 
made to classify the one hundred and six cases according to the diseases 
considered to be the chief causes of death The relation of the 
cholesterol in the liver to the disease process is shown m table 2 Unfor- 
tunately, there are too few cases m each division to be significant 
If one groups them in three mam groups (table 3), it is clear that infec- 
tions are associated with a lower cholesterol content than are malignant 
tumors or arterial hypertension, and that malignant tumors are asso- 
ciated with somewhat lower cholesterol values than is hypertensive 
disease The hypertensive group is small, but the results aie suggestive 

Table 3 — Cholcslcial m the Ltvci Related to Thee G)oups of DtscO'Sc Piocesses'^ 



Number 



Cholesterol, Mg per 100 Gm 

. . ... A 


Diagnosis 

\JJi 

Cases 

' 0 99 

100 199 

200 299 

300 399 

400 499 

500 509 COO C99 700 799 1000 1099 

Acute and chronic 
infection 

53 

1 

(1 0) 

6 

(11 3) 

37 

(70 0) 

7 

(13 2) 


1 1 
(1 9) (1 9) 


Malignant tumors 

20 



8 

(40 0) 

7 

(35 0) 

4 

(20 0) 

1 

(5 0) 


Hypertension 

9 



2 

4 

1 

1 

1 


(22 2) (44 4 ) (111) (111) (111) 

* The number in parenthesis indicates the percentage of the number in each group 

COMMENT 

It IS evident that the cholesterol content of the hvei, even m patho- 
logic material, is remarkably constant in comparison with the content 
of vitamin A, indicating that the cholesterol m the liver is probably 
an integral part of the hepatic protoplasm It may be assumed, perhaps, 
that in the normal hvei the cholesterol content vanes within an even 
narrower range, while theie is suggestive evidence that in healthy man 
the vitamin A in the liver may be absent or low In seventy-eight cases 
of accidental death Wolff found a range between 0 and 1,210 blue 
units, and m nine of these cases, less than 50 blue units This variation 
of vitamin A in the liver of normal man corresponds to the values found 
by Wolff and by us m the livers of patients dying from various disease 
processes 

In addition to the fact that there seemed to be a tendency toward 
relatively low cholesterol values in the livers of patients who died from 

10 Wolff, L K On the Qusntity of Vitamin A. Present in the Human Liver 
Lancet 2 617, 1932 
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chionic and acute infection and toward high values in patients with 
h) pel tensive disease as the primal y cause of death, a few observations 
of interest are herewith lecoided In two conditions, namely, diabetes 
melhtus and pernicious anemia, it has been definitely established that 
theie exists a disturbed cholesterol metabolism In seven cases of 
diabetes mellitus collected from the hteiature,^^ the cholesterol content 
of the livei mailed from 0 241 to 0 32 Gm per hundied grams, figuies 
coi responding to the average values reported as noimal and agreeing 
\\ ith the amount of cholesterol found in the hvei m one case of diabetes 
m this series In two cases of pernicious anemia reported by Fex ® the 
cholesterol content of the liver was 0 397 and 0 423 Gm per hundred 
grams, coiioboratmg the value found by us in one patient inadequately 
tieated for five days with liver extract The values found in peimcious 
anemia aie somewhat higher than the general average It is evident, 
therefore, that Hueck’s contention as to hypercholestei emia and depos- 
its of cholesterol m the tissues, so far as the liver is concerned is not 
vended with legard to diabetes melhtus In this connection it may 
be pointed out that Nitzescu and his co-woikeis demonstrated m dogs 
that a normal deposit of cholesteiol in the liver and lungs was pie- 
\eiited if the pancreas was removed On the other hand, m pernicious 
anemia there seems to be a tendency toward overstorage of cholesteiol 
in the liver and pathologic infiltration of the organ by it, although 
the cholesterol content of the blood during the relapse is greatl) 
deci eased This has been interpreted by Piney as being due to an 
overstimulation of the normal mechanism for the stoi age of fat Landau 
and McNee - pointed out that the liver does not seem to store cholesterol 
in hypercholesteremia but does store it m hypocholesteiemia Whether 
this IS universally tiue can be detei mined only by further investigation 
of the cholesterol content of tissues in specific diseases , data are not 
now available in sufficient amount to diaw definite conclusions 

SUMMARY 

The cholesterol content of the liver at autopsy in one hundied and 
SIX cases ranged from 0 098 to 1 003 Gm per hundred grams, with an 

11 Rewald, B Der Cholestenngehalt normaler und pathologischer menschli- 
cher Organe, Biochem Ztschr 99 253, 1919 Klemperer, G , and Umber, H Zur 
Kenntnis der diabetischen Lipamie, Ztschr f klin Med 65 340, 1908 Fex ^ 

12 Hueck, W Referat uber den Cholesterm Stoffwechsel, Verhandl d 
deutsch path Gesellsch 20 18, 1925 

13 Nitzescu, I I , Propescu-Inotesti, C, and Cadariu, I L’lnsulme et la 
cholestennemie, la cholestennemie dans le diabete experimental, Compt rend Soc 
de biol 90 538, 1924 Nitzescu, I I , and Cadariu, I L’lnsuline et le meta- 
bohsme de la cholestenne, ibid 92 296 1925 

14 Pinej, A Recent Advances in Haematology, Philadelphia, P Blakiston’s 
Son & Co 1927 
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aveiage of 0 301 Gm Statistical!)' no relation could be established 
between the cholesterol and the vitamin A content of the liver oi the 
sex or the age of the patient 

The cholesteiol content of the hvei tended to be lowei than the 
aveiage in patients who died of infections, and highest in those who 
died of arteiial hypei tensive disease, with those who had malignant 
tumors as a cause of death occupying an intermediary position 

Dr J Lerman, Massachusetts General Hospital, permitted me to use his 
statistical analysis of the data 
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Fluctosuria, otherwise termed "levulosuria,” was recognized soon 
after polaiization of urines for the detection of sugar became common 
In 1840, Biot ^ first examined urine in the polariscope, but it remained 
for von Gornp-Besanez - to describe m urine a “levorotatoiy noncrys- 
tallizable sugar that behaves like fructose ” The early observei s had 
no rapid accurate chemical test for the identification of fiuctose before 
Sehvanoff ^ introduced the use of concentrated acid and resoicinol for 
the identification of this sugar Although the specificity of his test has 
been questioned many times, it is still an excellent method for detecting 
even very small quantities of fructose, alone or in the presence of other 
sugars, especially if the precautions outlined by Borchardt ^ are followed 

VVe are able to add three new cases of fructosniia to the twenty- 
seven described in the literature since 1876, when the anomaly was first 
recognized^ The only case of essential fructosuria desciibed in the 

Lionel and Florentine Scholle Sutro Fellow in Medicine 

From the medical service of Dr B S Oppenheimer and from the Laboratories 
of the Mount Sinai Hospital 

1 Biot, M Compt rend Soc de biol 11 1028, 1840 

2 von Gorup-Besanez Anleitung zur Zoochemischen Analyse, quoted by 
Seegen Centralbl f d med Wissensch 22 753, 1881 

3 Selivanoff, T Ber d deutsch chem Gesellsch 20 181, 1887 

4 Borchardt, L Ztschr f physiol Chem 55 241, 1908 

5 (a) Zimmer, K Deutsche med Wchnschr 2 329 1876 Czapek Frag 

med Wchnschr 1 265, 1876 (5) Seegen, J Centralbl f d med Wissensch 

22 753, 1884, Kulz, E Ztschr f Biol 27 228 1890 (c) May, R Deutsches 

Arch f klin Med 57 279, 1896 (d) Spath and Weil Med -Cor -B1 d wurttemb 
arztl Landesver 72 717, 1902 , quoted by Rosin Beitr z wissensch f Med u 
Chem (Festschr E Salkowski), 1904, p 105 (c)Rosin H, and Leband, H 
Ztschr f khn Med 47 182, 1902 (/) Brodersen Inaug Dissert , Keil, 

1903 (g) Schwarz, L Deutsches Arch f khn Med 76 231, 1903 (/i) 
Lion, A Munchen med Wchnschr 50 1105 1903 (i) Schlesinger, W Arch 

f exper Path u Pharmakol 50 272, 1903 (j) Lepme, R , and Boulud Rev de 

iiied , Pans 24 185, 1904 (k) Neubauer, E Munchen med Wchnschr 52 1525, 

1905 Note bv Jolles, A Wien med Presse 47 2301, 1905 (/) ^on Alora- 

czeuski, Ztschr f khn Med 64 503, 1907 (m) Koeningsfeld, H ibid 69 291, 

Footnote continued on next page 
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American literature is that which Stioiise and Fiiedman'* reported in 
1912 

IDENTIFICATION AND QUANTITATIVE DETERMINATION OF FRUCTOSE 

IN THE URINE 

Like othei keto-sugars, fiuctose i educes Fehling’s solution even at 
room temperatuie, as was emphasized recently by Lasker and Enkle- 
witz ^ Fructose, like dextiose, is easily feimented by common yeast, 
which differentiates it fiom ketopentose, the reducing substance passed 
by patients with essential pentosuria 

The Sehvanoff reaction is specific for the keto-sugars and can detect 
them e\en in the piesence of laige amounts of dextiose- The urine 
IS brought to a boil with an equal volume of 25 pei cent hydrochloiic 
acid A few ciystals of resorcinol are added, and the urine is boiled 
for only ten seconds A heavy led piecipitate, soluble in alcohol, indi- 
cates the presence of fructose 

Fructose can be fuithei diffeientiated from dextiose by the leadmess 
with which it forms an osazone in an acid solution with methylphenyl- 
hydrazine ® 

If fructose is the only sugar present in the mine, the values obtained 
by polarization, reduction and fermentation should coincide If, how- 
ever, both fructose and dextiose are present, the lelative amounts may 
be computed by a comparison of the lotation and reduction values 

Fructose has a specific rotation of — 93 6° -}-0 64° X (t° — 20) 
Laborde ^ 

In all of our studies, the uiinaiy sugars were quantitatively deter- 
mined by the method of Beitiand^® or Benedict Quantitative fer- 

1909 (three cases) (n) Adler, O Arch f d ges Physiol 139 93, 1911 (two 
cases) (o) Strouse, S , and Friedman, J C Arch Int Med 9 99, 1912 (p) 

Barrenscheen, H K Biochetn Ztschr 127 222, 1922 {q) Steinberg, S , and 

Elberg, W Klin Wchnschr 4 2399, 1925 (three cases) (?) Snapper, J , 
van Creveld, S , and Grunbauin, A Arch f Verdauungskr 38 1, 1926 (^) 

Heeres, P A , and Vos, H Fructosuria, Arch Int Med 44 47 (July) 1929 
(t) Anschel, N Klin Wchnschr 9 1400, 1930 (n) Fischer Jahrb f 

Kinderh 131 341, 1931 (z') Steinitz, F Deutsches Arch f klin Med 171 

401, 1931 

6 Strouse, S , and Friedman, J C Levulosuria, with a Report of an Unusual 
Case, Arch Int Med 9 99 (Jan ) 1912 

7 Lasker, M , and Enklewitz, M J Biol Chem 101 289, 1933 

8 Neuberg, C Ztschr f physiol Chem 36 227, 1902 

9 Laborde Ann fals 6 650, 1913 

10 Bertrand G , and Thomas, P Practical Biological Chemistry, London, 
Bell and Sons, 1920 

11 Benedict, S R The Detection and Estimation of Glucose in the Urine, 
J A M A 57 1193 (Oct 7) 1911 
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mentations weie earned out in the van Iterson-Kluyver appaiatus 
at room temperature for twenty-fom horns Blood sugars were detei- 
mined m venous blood by the method of Fohn and occasionally in capil- 
lary blood by the Hagedorn- Jensen procedure Blood fructose was 
estimated by the method of van Creveld 

The identification of fiuctose should never be undei taken on an 
alkaline urine, because there is a possible conveision of dextrose into 
fructose in alkaline solutions 

Levorotation may be due to substances othei than fiuctose, foi 
example, hydroxybutync acid, conjugated glycuronic acids and some 
ammo-acids 

To establish piimaiy fructosuria unequivocally, the following ciiteria 
must be met by an acid urine 

1 Reducing sugar must be piesent and active at room tempeiature 
2 The urine must ferment with ordinal y yeast 3 The mine must 
be levorotatory, and the levorotation must disappear after fei mentation 

4 The Sehvanoff reaction, with the proper precautions, must be positive 

5 The methyl-phenyl osazone should be isolated and its chemical and 
physical constants determined The quantitative values for 1, 2 and 3 
should agree 

REPORT or CASES 

Case 1 — The patient was an American boy, aged 22 years, of Italian parentage 
His previous history was essentially negative, except that he had never been 
particularly robust There was one maternal uncle who was said to have had 
diabetes melhtus One year before the patient’s entrance into the Mount Smai 
Hospital he had been rejected for life insurance on the ground that he had 
glvcosuna At no time was there polyuria, polydipsia, polyphagia, loss of weight 
or any other symptoms associated with diabetes melhtus in young people He 
entered the hospital because of severe pain m the lower part of the abdomen of 
several days’ duration without fever or vomiting A complete laboratory and 
physical examination failed to reveal any organic cause for the abdominal com- 
plaint The results of physical examination were essentially negative, except that 
the patient was slightly undernourished and of rather nervous temperament The 
blood pressure was 114 systolic and 66 diastolic 

Laboi atoi y Examnnatwn — The hemoglobin was 95 per cent, the red blood cell 
count was 4,600,000, and the white cell count, 8,800, the polymorphonuclears were 
57 per cent, the lymphocytes 40 per cent, and the monocytes 3 per cent The 
smear was normal The Wassermann test of the blood was negative The blood 
showed 265 mg of cholesterol per hundred cubic centimeters, of winch 100 mg 
was esterified The blood also showed 85, 100 and 90 mg of sugar per hundred 
cubic centimeters The urine was normal and contained onlj normal quantities 

12 van Iterson, G , and Kluyver, A J , quoted by van der Haar, A W 
\nleitung zum Nachweis der Monosaccharide, Berlin, Borntraeger, 1920 

13 \an Creveld, S Klin Wchnschr 6 697, 1927 

14 Lobr\ de Bruvn, C A Rec d trav Chim, Pa>s-Bas U 156, 1895 also 
Ber d deutsch chem Gesellsch 28 3078, 1895 
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of urobilin Roentgen examination of the gastro-intestinal tract and the urinarj 
tract revealed no abnormalities 

Case 2 —During the investigation of the family of the patient m case 1 it was 
discovered that the 12 year old brother had fructose in the urme So far as we 
could learn, he showed no clinical evidence of disease The criteria for the diag- 
nosis of fructosuria were met in every respect 

Case 3— A girl, aged 17 years, entered the hospital for the relief of severe, 
recurrent angioneurotic edema Her father and paternal uncle were said to have 



Chart 1 — The curves of total reducing substance, fructose and dextrose in the 
blood after oral administration of 50 Gm of fructose A, m a normal patient, and 
B, m a diabetic patient In all of the charts, the upper curve represents the total 
reducing substance , the lower curve, dextrose, and the shaded portion, the amount 
of fructose present 

"sugar in the urine but no diabetes ” In her own previous history there was little 
of significance Two years prior to admission she was advised of the presence of 
sugar in the urine Careful diet and the use of insulin have been of no avail in 
attempts to control the glycosuria For six months she had had severe attacks of 
sudden swellings of various parts of the body, with itching and malaise Attempts 
to find an allergic basis for the symptoms failed 
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Physical examination re\ealed a well nourished, normally developed girl of 17 
jears Except for areas of angioneurotic edema involving the fingers, nothing of 
significance was noted During her stay in the hospital there was involvement of 
the skin of the face, eyelids, feet, tongue and labia majora by the edema 

Treatment by restriction of the diet and administration of ergotamine, calcium, 
ephedrme and thyroid extract was absolutely without effect on the frequency or 
the seierity of the attacks Epinephrine gave some relief 

The laboratory findings were hemoglobin, 70 per cent, leukocyte count, 
12,000, polymorphonuclears, 52 per cent, lymphocvtes, 43 per cent, eosinophils, 
1 per cent, monocytes, 2 per cent, and myelocytes, 1 per cent Except for the 
presence of fructose, the urine was normal The Wassermann reaction of the 
blood was negative The blood sugar during fasting averaged 75 mg per hundred 
cubic centimeters The van den Bergh reaction and the icteiic index were normal 
No dye was retained after bromsulphalein was administered intravenouslv The 
dextrose tolerance curve was normal 

The basal metabolic rate was minus 20 per cent The patient was given thyroid 
extract by mouth, and after several weeks the basal metabolic rate rose to plus 
18 per cent After fructose was administered by mouth, the urinary fructose rose 
to 5 per cent Further studies in this case are reported later in this paper 

We were able to examine the urine of the patient’s father and could establish 
unequivocally that the reducing substance present was not fructose but pentose 
We wish to note the possible significance of this familial incidence of ketosuria 

EXPERIMENTAL RESULTS 

The observations were made m case 1 unless otherwise indicated 
Identification of the Reducing Substance — The early morning speci- 
mens taken at least twelve hours aftei the pievious meal were often 
fructose-free At other times, on the usual diet of the ward, the sugar 
A aried between 0 2 and 1 5 per cent That the entire reducing substance 
was fructose can be seen from these comparative studies of a typical 
specimen of urine 

Per Cent 

Fructose by reduction (Bertrand) 3 65 

Fructose by fermentation 3 40 

Fructose by polarization 3 55 

If an\ dextrose or pentose had been piesent the levorotation would 
have been lower, and the presence of pentose would also have resulted 
m lower fermentation than reduction values The methyl-phenyl osazone 
was prepared from the patient’s urine and compared with one from 
pure fructose The crystals were identical, melting at 154 C, and the 
melting point was unaltered by mixing 

Effect of the Withdiazval of Fructose — ^The variations in the con- 
centrations of fiuctose when the patient was given the diet of the ward 
indicated that the soui ce of the urinary sugar was alimentai )'■ When the 
patient w^as placed on a diet completely free from fructose, the fructosuria 
disappeared and was absent as long as this diet w'as maintained 



SIL VER-REINER— ESSENTIAL FRU CT OS U RL4 


417 


Devil ose Tolei ance —The patient reacted normally on ingestion of 
dextiose, of which he was given 066 Gm per kilogiam of body weight 
in 500 cc of water after a fomteen houi fast The urine remained 
sugar-free 

Galactose Toleiance — Forty giams of galactose was administered m 
500 cc of water fourteen houis after the last meal No reducing sub- 
stances weie found m the urine 

Table 1 — Total Sugai in the Blood of a Fuictosnuc Patient Following Ingestion 

of Dextiose 



Mg per 100 Cc 



of Blood 

Time 

February 6, 1933 February 10, 193! 

During fasting 

85 

80 

1 hour after ingestion of dextrose 

100 

115 

2 hours after ingestion of dextrose 

85 

95 

1 hours after ingestion of dextrose 

SO 

S6 

4 hours after ingestion of dextrose 

75 

74 


Table 2 — Uiinaiy Excietwn of Ingested Fiiiciose 


Fructose Ingested, 
Gm 

1 

5 

25 

50 

75 

100 


Percentage of Fructose 
Excreted m 24 Hours 
(Average of at Least 
Two E'vperiments) 

Traces 

16 

11 

12 

14 

14 


Table 3 — Uunaiy Exaction of Inti avcnonsly Injected Fiuctose 



Fructose 

Fructose 




Imected, 

Excreted, 

Percentage 

Duration of 


Gm 

Gm 

Excreted 

Fructosuria 

Control 

15 

0 65 

43 

13 minutes 

Fruetosurio patient 

15 

2 01 

13 4 

2 hours 


Quantitative Excietion of Fiuctose — Dining all of our studies, the 
patient was kept on a fructose-fiee diet and the urine was always sugar- 
free except when he was fed known amounts of fructose The sugar 
was always given early in the morning after a fast of from twelve to 
fomteen hours The greatest excretion took place in the first two hours 
and was practically complete in six hours The administration of only 
1 Gin of fructose caused the urine to give a faint i eduction and a 
definite Sehvanoff reaction The uimary excretion of fructose when 
it was fed in amounts of from 5 to 100 Gm may be seen m table 2 
Fifteen grams of fiuctose in a 3,0 per cent solution was injected 
intiavenously into a normal control and into the patient The urinary 
excretion of fiuctose is given in table 3 
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Effect of OtJie) Cmhohydmtes on E\cjehon of Fmctose — ■The 
simultaneous administration of another carbohydrate caused a definite 
increase in the amount of fructose excreted The tests showed fructose 
but no other sugai in the urine 

Effect of Fiuctose on the Total Sugai and on the Fuictose in the 
Blood of a Noimal Conti ol, a Diabetic Patient and a Patient with Essen- 


T'^ble 4 — Oniiaiv Enaction of Fiuctose Aftei Simultaneous Admmisti atwn of 

Aiiotliei Cai bohydi ate 



Carbohydrates Ingested 

Percentage of Total 
Pructose Excreted 

50 Gm 

fructose 

12 

50 Gm 

fructose + oO Gm dextrose 

21 

50 Gm 

fructose 4- 40 Gm galaeto=e 

21 

95 Gm 

sucrose 

19 


Table S — Effect of Ingestion of 50 Gin of Fiuctose in a Fructosunc Patient, 
a Diabetic Patient and a Noimal Conti ol 


Control Diabetic Patient Pructosunc Patient 

- ^ -A K 





A — 


r 


' S 

^ 

K 



Total 

Frue 

Dex 

Total 

Prue 

Dex 

Total 

Prue 

Dex 

Time After Ingestion of 

Sugar 

tose 

trose 

Sugar 

tose 

trose 

Sugar 

tose 

tro«e 

Fructose 

Mg per 100 Cc 

Mg per 100 Cc 

Mg 

per 100 Cc 



of Blood 



of Blood 


of Blood 


During fasting 

97 

0 

97 

100 

0 

100 

90 

0 

90 

1 hour 

104 

8 

96 

310 

8 

302 

110 

45 

65 

2 hours 

100 

12 

88 

410 

4 

406 

115 

55 

60 

3 hours 

88 

2 

86 

400 

0 

400 

95 

20 

75 


Table 6 — Effect of Epincpln me on the Total Sitgai in the Blood of a Fiuctosinic 

Patient 


'lime After Administra 
tion of Epinephrine 


Total Sugar, 
51g per 100 Cc 


0 minutes 82 

5 minutes 8i 

15 minutes 85 

30 minutes 110 

1 hour 147 

2 hours 147 

3 hours 110 


tial Pi iictosui la — Fifty grams of fructose in 500 cc of water was fed 
to a noimal control, a patient with diabetes melhtus and a fiuctosuric 
patient (case 1) aftei a fourteen hour fast Table 5 and chait 1 show 
the comparative values in the thiee instances The normal patient passed 
no sugai , the diabetic patient passed only dextiose, and the fructosunc 
patient passed the usual fraction of the total fructose 

Effect of Subcutaneous Adininistiation of Epinepln me on the Total 
Sugai and on Fiuctose in the Blood and on Fiuctose Toleiance — The 
eltect of epinephrine alone is shown in table 6 


14a Dobnner, K Die alimentare Fructosamie, Thesis, Munich, 1933 
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The ettect of epinephiine on the fructose toleiance when 50 Gm of 
fiuctose was fed in the usual manner and 1 mg of epinephrine was 
simultaneously given subcutaneously is shown in table 7 The total 
fructose excieted was 15 4 per cent 

Epinephrine alone produced no glycosuria The excretion of fruc- 
tose fiom 50 Gm of fructose was unalteied by the administration of 
1 mg of epinephrine The fiuctose level in the blood did not differ 
essentially from that when fiuctose was fed without epinephiine 

Effect of Subcutaneous Administi aiton of Insulin on Fi'uctose Toler- 
ance — Thirty units of insulin was administered subcutaneously at the 



Chart 2 — The curves of total reducing substance, fructose and dextrose in the 
blood after oral administration of 50 Gm of fructose in a fructosuric patient 

same time that 50 Gm of fructose was fed orally The total fructose 
passed in the urine was diminished by the simultaneous administiation 
of lather large amounts of insulin The patient passed 14 6 per cent 
of the ingested dose with 20 units of insulin and 6 2 per cent with 30 
units of insulin 

Effect of Oial Administiation of Soihtol in a Noimal Control a 
Diabetic Patient and a Fiuctosinic Patient — Fifty grains of cf-sorbitol 
was dissolved m 500 cc of water and administered orally aftei a fouiteen 
horn fast The lesults aie given m table 8 The urine of the normal 
contiol lemained sugar-fiee The urine of the diabetic patient contained 
69 Gm of dextrose but no fiuctose, while the urine of the fiuctosunc 
patient contained 3 2 Gm of fructose and no dextrose 
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Ingestion of ImtUn — The patient was fed 50 Gm portions of inulin 
suspended in water and flavoied with saccharin and vanillin There 
■was no rise in the blood sugar, and no fructose appeared in the blood 
or the uiine Intestinal fei mentation was indicated by large amounts 
of gas 111 the intestine and slight diarrhea 

Results of Studies in Cases 2 and 3 — The patient m case 2 was 
not available foi hospital study, and we could obtain specimens of the 
urine onty after the ingestion of fructose The diagnosis of fructosuna 
was certain, since all of the ciiteiia outlined earlier were met 


Table 7 — Effect of Epm-ephune on Fiuctose Tolciance m a Fmctosiinc Patient 



Total Sugar, 

Fructose, 

Dextrose, 

Time After 

Mg per 

Mg per 

Mg per 

Administration of 

100 Cc of 

100 Cc of 

100 Cc of 

Epinephrine 

Blood 

Blood 

Blood 

During fasting 

100 

0 

100 

1 hour 

165 

40 

125 

2 hours 

135 

54 

81 

3 hours 

105 

30 

75 


Table 8 — Effect of Adnwusti atwn of 50 Gm of d-Soibitot in a Diabetic Patient, 
a Fi nctosni ic Patient and a Not mat Conti ot 


Control Diabetic Patient Fructosunc Patient 

—A * 



Total 

Fruc 

Dex 

Total 

Fruc 

Dex 

Total 

Fruc 

Dex 

Time After Admini« 

Sugar 

tose 

trose 

Sugar 

tose 

trose 

Sugar 

tose 

trose 

tration of Drug 

Mg 

per 100 Cc 

Mg 

per 100 Cc 

Mg per 100 Cc 


of Blood 


of Blood 



of Blood 


During fasting 

110 

0 

no 

180 

0 

ISO 

SO 

0 

80 

1 hour 

103 

4 

104 

230 

4 

226 

99 

30 

69 

2 hours 

97 

4 

93 

260 

0 

260 

104 

35 

69 

3 hours 

95 

0 

95 

250 

0 

250 

82 

10 

72 


The patient in case 3 passed 10 1 pei cent of fructose m the uiine 
on one occasion, and on another 91 pel cent after 50 Gm of fiuctose 
was given orally Aftei the basal metabolic rate had been raised b} 
thyroid therapy, she excieted 84 pei cent of the ingested 50 Gm , which 
IS within the range of eiroi of this type of experimentation When 
30 units of insulin was given with the 50 Gm of fiuctose, the excretion 
dropped to 5 8 Gm She excieted 2 45 Gm of fructose after 50 Gm 
of sorbitol was given orall) The fructose excietion rose to 15 2 per 
cent when 50 Gm of dextrose was fed simultaneously with 50 Gm of 
fiuctose, and 16 8 per cent when 95 Gm of sucrose was fed 

COMMENT 

Essential ahmentaiy fructosuna is a specific, piobably inborn, error 
of metabolism, characterized by the inability of the organism to utilize 
fructose normally and manifested clinically by a symptomless excretion 
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of fuictose Fructose is passed in the urine only if fiuctose oi sub- 
stances capable of yielding it on digestion aie ingested All of the 
reducing substances disappear fiom the urine if these foods are removed 
from the diet The usual souices of fructose are cane sugar, honey 
and fruit This disorder is not inconsistent with longevity (Stemitz’ 
patient-'' was 87 years old), and theie is no leason to believe that it 
IS a piecuisor of a diabetic state, although in some of the reported cases 
there was a family history of diabetes mellitus Transition from fruc- 
tosuria to glycosuiia has nevei been observed 

The toleiance and metabolism of all of the other known carbohy- 
drates aie normal in this condition Dextiose, taken orally by the patient 
whom we studied, gave only the expected rise in blood sugar and caused 
no glycosuria, and the hyperglycemia reached the fasting level by the 
fourth hour Galactose was tolerated in a noimal dose of 40 Gm 

The addition of as little as 1 Gm of fiuctose to the patient’s diet 
gave use to fructosuria — a tolerance near the vanishing point, although 
we can scaicely speak of a tolerance in the true Hofmeister sense, i e , 
the amount expressed in giams of a carbohydrate that can be ingested 
without its appeal ance in the urine Tolerance, in its usual sense, implies 
that the tolerated amount is utilized, and that all beyond this is excreted 
The patient excreted a constant proportion of the ingested dose irre- 
spective of the total amount taken (table 2) This phenomenon, for 
which no acceptable explanation is forthcoming, was first noted by 
Schlesinger m 1903 and has been found in all of the reported cases 
of essential fructosuria m which appropriate studies weie made The 
route of the administration of fructose is appaiently of no importance 
After oial and intiavenous administiation the same percentage of sugar 
is excieted 

The simultaneous administiation of anothei carbohydrate such as 
dextrose or galactose inci eases the excretion of fructose The burden 
placed on the carbohydrate-burning mechanism by the second sugar is 
pel haps enough to make the inability to utilize fructose more marked 

Further insight into the nature of this rare anomaly is afforded by 
studies of the fructose and the dextrose in the blood The administiation 
of 50 Gm of fructose by mouth (table 5) caused practically no rise 
in the blood sugar of a normal person, so rapidly was it fixed in the 
liver as glycogen When administered to the fructosuric patient, how- 
ever, this dose caused a maiked and sustained elevation of the blood 
sugai and fiuctosuna Even moie striking differences were manifest 
when the blood sugar curves were resolved into their components, 
namely, fructose and dextrose It is assumed that the nondextrose- 
reducing substances remained constant, just as m the normal and pen- 

15 Schlesinger, W Arch f exper Path u Pharmakol 50 272, 1903 
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tosunc children studied by Fischei and Reinei/® as the nondextiose- 
reducing substances showed no change after the administration of 
dexti ose 

The normal person and the diabetic patient tolerated fructose so 
well that the level of this sugai m the blood rarely went above 10 mg 
per hundred cubic centimeters, a concentration below the renal thieshold 
foi fructose The fructosuric patient could not handle the absorbed 
fructose normally It accumulated m his blood, leaching a level of fiom 
40 to 60 mg and passed into the ui me 

It is apparent that m fructosuria there exists a deficiency in the 
mechanism that normally removes excessive fructose from the blood 
stream This function was localized m the liver by Sachs, a pupil 
of Strauss, who in 1899 showed that hepatectoinized frogs lost then 
ability to metabolize fructose Later workers confirmed these findings 
for mammals in dogs with Eck fistula and in hepatectomized dogs 
Essential fructosuria, theiefoie, has been looked on as representing 
a specific hepatic deficiency It is clear from the clinical state of our 
patient and the results of the laboratory examinations that no hepatic 
disease exists in the usual sense of the term 

Another notewoith} point is the replacement of dextrose in the 
peripheral blood by another carbohydrate It will be seen in chart 2 
that the total blood sugai does not rise as high as would be expected if 
the level of the blood fructose weie added to the original fasting level of 
the blood dextrose Instead, the blood dextrose falls as the fructose 
uses, and thus tends to mask the full effect of the fructosemia The 
replacement of dextrose m the blood by another carbohydrate has been 
noted previously Sobotka and Reiner found that in the absorption of 
dextrose-galactose mixtures from the intestine of the rabbit the dextrose 
m the blood was replaced by galactose Fischer and Reiner observed 
that in the administration of xylose to both pentosuric and normal chil- 
dren the pentose, although apparently nonutilizable, replaced the dextrose 
in some of the normal contiols as well as in some of the pentosuric 
patients This phenomenon is particularly clear in chart 4, in which it 
IS shown how, under the action of insulin, dextrose practically disap- 
peared from the blood of the fiuctosuric patient while fructose remained 
at 60 mg , seemingly high enough to prevent the symptoms of 
hv poglycemia 

16 Fischer, A E , and Reiner, M Pentosuria in Children, Am J Dis Child 
40 1193 (Dec) 1930 

17 Sachs, H Ztschr f klin Med 38 87, 1899 

18 Mann, F C Medicine 6 442, 1927 Jacobson, C Am J Physiol 52 
233, 1920 

19 Sobotka, H , and Reiner, M Proc Soc Exper Biol & Med 27 576, 
1930 
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Chait 3 — The curve of total reducing substance, fructose and dextrose in the 
blood after oral administration of 50 Gin of fructose and subcutaneous administra- 
tion of 1 mg of epinephrine 



Chart 4 — The curve of total reducing substance, fructose and dextrose in the 
blood after oral administration of 50 Gm of fructose and subcutaneous administra- 
tion of 30 units of insulin 


424 


ARCHIVES OF INTERNAL MEDICINE 


Epinephrine injected in a dose of 1 mg subcutaneously gave only 
the average hyperglycemic response and resulted m no glycosuiia When 
epinephrine and fructose were administered simultaneously, the blood 
sugar cmve rose to a level indicating a summation — the hyperglycemia 
due to epinephrine and the use due to the fructose The fructose curve 
Itself was unaltered, and only fructose was passed m the urine m the 
usual amount, 12 per cent of the amount ingested Thus, epmephime 
does not interfere with the usual utilization of fructose by the fructo- 
suric patient, and the inci eased glycogenolysis caused by epmephime 
does not alter the fructose toleiance 

The administration of fructose can prevent the appeal ance of hypo- 
glycemic symptoms after insulin It can be seen from chait 4 that this 
protection is not through the elevation of the blood dextrose via hepatic 
glycogen, but through a direct replacement of dextrose by fructose m 
the peripheral blood With blood dextrose levels approaching zeio, our 
patient showed only slight symptoms so long as fructose was circulating 
The cuive of the blood fructose after the administration of insulin did 
not differ much from that when insulin was not given This is not 
surprising, as Minkowski-® before 1880 knew that the piocesses by 
which fructose is fixed as hepatic glycogen proceed m the complete 
absence of the pancreas Wierzuchowski showed with normal dogs 
that insulin does not affect the degree of fiuctosuria pioduced by the 
intravenous injection of fructose The total excretion of fructose by our 
patient was slightly reduced when 30 units of insulin was given with 
50 Gm of fructose 

In 1929, Thannhausei -- mtioduced d-sorbitol m the tieatment of 
diabetes melhtus, claiming that this white, crystalline, pleasant-tastmg 
solid could be utilized more efficiently than dextrose by diabetic patients 
It has found considerable use abroad Soibitol does not i educe the usual 
sugar leagents Its moderately laxative pioperties interfere somewhat 
with quantitative studies after oral administration In our study, when 
sorbitol was given to a normal person, a slight rise m the blood sugai and 
no glycosuria resulted When it was given to a diabetic patient it caused 
a hypergljfcemia and the appearance m the mine of a sugai that could be 
identified as dextrose In the fiuctosuiic patient, a definite hypergly- 
cemia resulted, and the blood fructose level i cached 35 mg per 100 cubic 
centimeters, while the urine contained 3 2 Gm of fructose, 6 4 per cent 
of the ingested dose and no other sugar Somewheie m the mteime- 
diary metabolism of sorbitol, fructose is formed Normally, this is 
immediately fixed “as hepatic glycogen, and there is no clue as to its 

20 ^Minkowski, O Arch f exper Path u Pharmakol 31 167, 1893 

21 Wierzuchowski, kl J Biol Chem 68 631, 1926 

22 Thannhauser, S J , and Meyer Munchen med Wchnschr 76 356, 1929 
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evei having been present In oui subject we had a person who could 
not metabolize fructose whethei it was ingested pieformed oi was 
foimed within his own oiganism He had, so to speak, a biologic trap- 
dooi which allowed the fructose to pass into his uime and so manifest 
its presence 

It IS perhaps significant that only one-half as much fiuctose was 
excieted by the patient from a dose of sorbitol as fiom a similai dose 
of fiuctose It IS possible that m the oxidation of the alcohol to the 
sugai one molecule yields dextrose and one fiuctose, the uiinar} fiuc- 
tose then lepresents the usual 12 pei cent of the total fructose This 
utilization of soibitol via fructose may explain the fact that it is some- 
what better toleiated than similar amounts of dextiose, as we know 
since Bouchaidat and Kulz that most diabetic patients utilize fiuctose 
bettei than dextrose 

Imilin and Jenisalem Aitichokes {Hehanthns Tubeiosus) — Opin- 
ions 111 the liteiature diveige widely concerning the availability of iiiulm 
and Jerusalem aitichokes (Helianthus tuberosus) to man From our 
studies we favor the view that inulin is not digested oi absoibed by 
man, and that any destruction of this polyfiuctoside that occuis results 
fiom bacterial action in the laige bowel Our m viho experiments 
confirmed the view that none of the enzymes m the human gastro- 
intestinal tiact can hydiolyze inulin to any extent 

The exact natuie of the carbohydrates in aitichokes is not known 
It IS certain, however, that m roots which have been stored for some 
time carbohydrates aie present which are hydrolyzable by yeast inver- 
tase and yield dextrose and fiuctose Inulin itself is unaffected by 
invertase According to Colin,^'* the carbohydiate of Helianthus in 
autumn consists solely of inulin This is partially conveited duimg 
storage into mulmides, as cynanthiin and helianthm, which are hydro- 
lyzed by yeast and intestinal enzymes and yield fructose and dextrose 
Thus the administiation of stoied Jerusalem artichokes is not equivalent 
to the feeding of so much muhn 

Feeding pme muhn m doses of 100 Gm to a fiuctosuiic patient 
gave use to no fructosuiia, indicating that none was absoibed, since the 
absoiption of as little as 1 Gm of fiuctose would have caused its 
appeal ance in the ui me 

SUMMARY 

Thiee cases of essential fiuctosuria aie reported, and metabolic 
studies of two are piesented 

This laie anomaly is viewed as a specific, piobably inborn, eiior of 
metabolism localized pnmaiil) in the liver where, w^e belieie. a specific 

23 Bouchardat and Kulz, quoted by Neuberg in \on Noorden, C Handfauch 
der Pathologic des Stoffwedisels, Berlin, A Hirschwald, 1907, vol 2, p 212 

24 Cohn Conipt rend Soc de biol 166 305, 1918 
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enzymatic deficiency exists resulting in impaiied ability to fix fructose 
as glycogen The metabolism of othei carbohydiates is undistuibed 
The relative insignificance of insulin and epinephime m the metabolism 
of fructose compared with dextrose is pointed out, and the possible 
intermediary metabolism of sorbitol is discussed 

Dr Harry Sobotka contributed valuable and helpful suggestions during these 
investigations 

Dr B S Oppenheimer permitted us to publish case 1, and Dr George Baehr, 
case 3 

Dr H S Paine and Dr E Yanovsky of the Carbohydrate Division, Bureau 
of Chemistry and Soils, United States Department of Agriculture, supplied the 
fructose-free mulin used m these experiments 

Note — Since this report was prepared, we have studied three additional cases 
of essential fructosuria, two of which occurred in brothers This makes a total 
of SIX cases seen within one year in one institution and indicates that the metabolic 
anomaly is not so infiequent as one is led to expect from a study of the literature 



EFFECT OF THYROXIN AND ANTITHYROID SUB- 
STANCES ON THE SERUM LIPASE 

MAX H HOFFMANN, MD 

ST PAUL 

Since hypeithyroidism was fiist lecognized, numerous mvestigatois 
have attempted to discovei a substance capable of inhibiting the action 
of the thyroid hoimone In the earlier attempts milk, meat and serum of 
thyroidectomized animals was used Later seium of myxedematous 
persons was tried None of these substances was capable of withstand- 
ing the critical tests of the laboratory and the clinic 

Othei substances, nonspecific m chaiactei, have been lepoited as 
having a protective action against thyioxiii, U S P , poisoning Abehn ^ 
found that ceitain nutiitional mixtuies pi evented the use m the 
metabolic late after injections of thyioxin Hesse - repoited the favor- 
able action of metals, such as copper, arsenic and non, and the waters 
of wells that contain these metals m piolonging the life of dogs which 
leceived daily injections of thyioxin Certain vitamins are said to be 
able to a certain degiee to prevent hypei thyroid manifestations 

Within the last yeai two new antithyroid substances from animal 
tissue that appear to have a definite protective action against thyroxin 
poisoning have been secured Anselmino and Hoffmann ^ extracted a 
fatty substance from the blood which they found was capable of pre- 
venting the rise m the metabolic rate m rats after the injection of 
thyroxin Balo, Lovas, Bach and Neufeld ^ found that the pancreas con- 
tained a substance which prevented the fall of serum lipase m a rabbit 
aftei the injection of thyroxin They also found that this extract pro- 
longed the life of the rabbit against lepeated injections of thyroxin 

This study was undei taken with the object of verifying the results 
of Bach, Lovas and Neufeld,*^ who found that after the injection of 

From the First Medical Department, the Allgemeine Poliklimk, Vienna, 
Austria, Director, Prof Julius Bauer 

1 Abehn, I Emfluss des Caseins auf den hyperth)Toidischen Stoffwechsel, 
Biochem Ztschr 228 165, 1930 

2 Hesse, E Die Entgiftung des Schilddrusenhormons, Klin Wchnschr 
12 1060 (July 8) 1933 

3 Anselmino, K J , and Hoffmann, E Darstellung, Eigenschaften und 
Vorkommen einer antithyroiden Schutzsubstanz aus Blut und Geweben, Klin 
Wchnschr 12 99 (Jan 21) 1933 

4 Balo, J , Lovas, L , Bach, E, and Neufeld, L Die antagonistische 
Wirkung eines neuen Pankreasextraktes auf die Thyroxinvergiftung, Arch f 
exper Path u Pharmakol 165 594, 1932 

5 Bach, E , Lovas, L, and Neufeld, L Die V^irkung des Thyroxins auf 
die Serumlipase, Arch f exper Path u Pharmakol 165 614, 1932 
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thyroxin the blood seium lipase of a labbit dropped in a sti iking man- 
ner It was also the purpose of this study to determine whether the 
method w^as reliable and piactical foi the study of antithyioid substances 
Foi this work I had at my disposal the blood extract of Anselmino and 
Hoffmann In addition the possible effect of fat and insulin as anti- 
thyroid substances w as investigated 

METHOD 

In an nivestigation of the effect of various hormones on the fat-splitting fer- 
ment, Muhlbock and Kaufmann « found that thyroxin regularly inhibited the action 
of lipase secured from the tissues However, it had no effect on serum lipase 
unless the ferment was secured in a purified form After purification, thyroxin 
had an inhibiting action of slight degree A number of years ago Bauer found 
that the activity of the serum lipase in persons with exophthalmic goiter was 
markedly reduced 

With this in mind, Bach, Lovas and Neufeld injected thyroxin into rabbits and 
found that the serum lipase value was markedly reduced The reduction occurred 
within twenty-four hours The effect was so constant and striking that they 
believed that it offered an improved method for studying thyroid activity 

The lipase value is determined by the method of Rona and Michaelis,® which 
utilizes the changes in the surface tension of a tributyrin solution as a measure- 
ment of the activity of the lipase The split products of the lipolytic activity have 
practically no effect on the surface tension, which is measured by the stalagmometnc 
method With this method lipolytic activity is indicated by^ a decrease in the 
number of drops delivered by the instrument The entire reaction is earned out 
111 a buffer solution 

The rate of the lipase activity is expressed bv a constant, which is derived from 
the logarithm of the difference of the concentration of tributyrin at the beginning 
and at the end of the experiment, divided by the time in minutes 

TECHNIC 

A saturated solution of tributyrin is made up shortly before the test by shaking 
a few drops of tributyrin with a buffer solution The buffer solution contains 1 
part of monosodium dihydrogen phosphate in distilled water This solution must be 
vigorously shaken for ten minutes, and then filtered twice through the same filter 
paper To 5 cc of the filtrate is added 0 1 cc of the serum to be tested Four 
readings are made at intervals of ten minutes This gives the percentage of tribu- 


6 Muhlbock, O , and Kaufmann, C Die Wirkung der Hormone, msbeson- 
ders des Thyroxins auf die fettspaltenden Fermente, Biochem Ztschr 238 377, 
1930 

7 Bauer, J Ueber das fettspaltende Ferment des Blutserums bei krank- 
haften Zustanden, Wien klin Wchnschr 25 1376, 1912 

8 Rona P , and Michaelis, L Ueber Ester und Fettspaltung im Blut und im 
Serum, Biochem Ztschr 31 345, 1911 Bauer ^ 
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Chart 1 — The effect of injections of thyroxin on the serum lipase A, after 
two injections of 0 25 mg , B, after a single injection of 0 5 mg The arrows indi- 
cate the points of injection /v is a logarithmic figure representing the speed of 
the lipolytic activity It is derived from the following formula, in which t repre- 
sents the length of the experiment m minutes 

„ ^ ^ lognnthim of percentage of tnbutyrin solution at the beginning of the experiment 

^ logarithim of percentage of tnbutjnn solution at the end of the expenment 
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Chart 2 — The effect of injections of thyroxin on the serum lipase after anti- 
thyroid substance was administered for seven days The first six injections were of 
025 mg each, and the subsequent injections of 0 5 mg each The arrows indi- 
cate the points of injection 
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tjnn present at each reading The constant is then determined by means of the 
following formula 

t Log A 

K = 

1 Log A — X 

in which t equals time m minutes , A, the per cent of tributyrm in solution at the 
beginning, and x, the percentage at the successive readings 

THE EFFECT OF THYROXIN ON THE SERUM LIPASE 

Determinations were made on labbits to show the effect of thyioxin 
on the serum lipase Chait 1 indicates the marked drop that occuried 
after several injections of 0 25 mg of thyioxm and one injection of 
0 5 mg of thyioxm This effect is marked and occuried m eveiy 
case in which the animal was not piepared with a protective substance 
The greatest drop almost always occurs in the fiist twenty-four hours 
Bach and his co-workers pointed out that if the injections of thyroxin 
are continued, the drop increases until the lipase almost disappeais 
Shortly befoie the death of the animal the lipase value rises This is 
due to the liberation of an atoxyl-resistant lipase from the pancreas, and 
It probably means a severe injuiy to the pancreatic tissue 

The constant of the activity of the lipase varies greatly for different 
rabbits Howevei, in the same animal the daily variation is not 51 eat 
The drop following thyroxin is so marked that it cannot be confused 
with the slighter normal changes Bach stated the belief that wuthin 
twenty-four hours with this method he could definitely determine the 
efficacy of antithyioid substances against thyroxin 

In Animals Given Antithyioid Substance — In this gioup of expeii- 
ments six labbits were fed with the protectn'^e blood extract of Ansel- 
mino and Hoffmann This substance is of lipoid nature, so it was 
dissolved m oil and mixed with oats The rabbits were fed daily for 
seven days with a small amount of this mixtuie befoie thyroxin ivas 
injected 

Chart 2 shows the cuive aftei daily injections of 0 25 mg of thy- 
ioxin, this was continued for six days without producing the chaiac- 
teristic drop Determinations weie then made at irregulai inteivals with 
0 5 mg of thyroxin without changing the lipase value At the end 
of thiity-eight days the animals weie still resistant to thyroxin, as 
demonstrated by the serum lipase 

Two more rabbits weie piepared in the mannei described earlier 
The animals -were given daily injections of 0 5 mg of thjmoxin 
At the end of eleven days the seium lipase took a definite drop, but this 
w^as not so great as the drop which occurred m rabbits which did not 
receive antithyroid extract The injections weie continued foi several 
dajs, with no further change in the lipase value 
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All of the labbits weie given the piotective extiact, and all weie 
piotected against the initial drop 

111 Ammals Fed zvith Fat — As the antithyioid substances aie of a 
fatty natiiie and cholesteiol has been lepoited as having an antithyioid 
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Chart 3 — The same as chart 2, except that the ammals received 0 5 mg of 
thyroxin daily 
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Chart 4 The effect of injections of thyroxin on the serum lipase in rabbits 
fed It) cc of olive oil daily for seven days before they received thyroxin The 
arrows indicate the points at which 0 5 mg of thyroxin was injected 

action,® I determined the effect of feeding olive oil previous to the injec- 
tion of thyroxin Two rabbits were fed with 10 cc of olive oil mixed 
with oats daily for ten days 

9 Saegesser, Max. Die Schutzfunction des Orgamsmus bei Thyreopathie, 
Khn Wchnschr 12 672 (April 29) 1933 
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Chart 5 — The effect of injections of thyroxin on the serum lipase and blood fat 
The dotted line represents the curve for fat (in milligrams) The arrows indicate 
the points at which 0 5 was injected 
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Chart 6 The effect of thyroxin on the serum lipase in a rabbit given an injec- - 
tion of 2 units of insulin daily for seven days before thyroxin was administered The 
arrows indicate the points at which 0 5 mg of thyroxin was injected 
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Chait 4 shows the lipase cuive of one of them The lipase value 
shows little change until the sixth day aftei the fiist injection Five 
injections of 0 5 mg of thyioxin weie given 

This shows unquestionably that fat has a protective action against 
thyroxin The piotection, however, is not as good as that produced by 
Anselmino and Hoffmann’s blood extiact 

Various reports indicate that m hypeithyroidism theie is a definite 
lowering of blood fat and cholesterol, and that after the injection of 
thyroxin in animals the blood fat is reduced Chait 5 shows the curve 
of the blood fat and lipase after two injections of thyroxin of 0 5 mg 
each The method used foi determining the fat was that of Rappapoit 
and Engelberg In both rabbits the blood fat diopped with the fall 
in the lipase In one there was a subsequent use, while the lipase 
continued to fall 

In Ammah Pieviously heated with Injections of Insulin — Muhl- 
bock and Kaufmann found that in vitro insulin had no effect on the 
seium lipase Balo and his co-woikeis found that their panel eatic 
extract did not produce any action similar to that of insulin Two labbits 
weie given 2 units of insulin daily for the puipose of causing a storage 
of glycogen m the liver and m that way protecting the hvei against 
injury from thyroxin At the end of seven days 0 5 mg of thyroxin 
was injected Chait 6 shows the sudden drop in lipase after the injection 
of thyroxin, which indicates that there was no piotective action 

COMMENT 

The detei mination of the lipolytic activity of the blood seium of 
rabbits offeis an excellent method foi the study of thyioid intoxication 
and antithyioid substances The mechanism of this action is not known 
It IS conceivable that one of two things may occur aftei the injection of 
thyroxin Eithei the lipase producing tissue is injuied, m which case 
there would be a diminution in the amount of lipase in the blood seium, 
or the lipase itself is acted on in some mannei so as to i educe its 
ability to split fat Unfortunately, I do not have at my disposal an exact 
quantitative method foi deteimining the amount of lipase in the blood 
x\ll of my determinations were made on labbits, as were those of 
Bach, Lovas and Neufeld The technic is comparatively simple and 
pel nuts the simultaneous investigation of a number of animals The 
constancy of the noimal lipase value and the marked change produced 
by thyioxm pi event errors in intei preting the results In many respects 
It presents advantages over the older methods that are used in determin- 
ing the activity of thyroxin 

10 Rappaport, F , and Engdberg, H Fine Mikromethode zur Bestimmung 
des Blutfettes, Klin Wchnsdir 11 2080 (Dec 10) 1932 
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Although the eftect of thyioxin on the lipolytic powei of blood serum 
IS only one of its many actions, the curve of the feiment’s activity to 
split fat IS a good index of what is happening to the animal When the 
lipase diops almost to zeio I know that if injections of thyroxin are 
continued, the animal vill not live long With daily injections of 

0 5 mg of thyroxin the rabbit dies usually within from six to eight 
days, with the lipase reaching its lowest level in from one to two days 
before death With the administration of antithyroid substances, the 
activity of the lipase is maintained for a much longer period, but as 
soon as the lipase level diops othei evidences of thyroid intoxication 
appear 

The thought then arises that peihaps the lipase itself piotects the 
animal against thyroxin poisoning Balo and Lovis found that their 
panel eatic extract in vitro was capable of doubling the lipase activity 

1 used the blood extract of Anselmmo and Hoffmann, but was unable 
to find any increase in the lipase action m vitro or in vivo 

Fat may in some way prevent the toxic effect of thyroxin Abehn 
was able to show that the loss of glycogen m the hvei produced by 
injections of thyroxin could be prevented by the administi ation of fat 
for some time before the injection By feeding carbohydrate alone 
he was not able to prevent this loss I found that by feeding fat I 
could protect the lipase against thyioid intoxication, but this protection 
was only about half as effective as that pioduced by the antithyioid 
extracts 

If It were a question of glycogen in the liver acting to protect the 
lipase against thyroxin, one should get the same results with the injec- 
tion of insulin I administeied insulin to two rabbits for a week before 
injecting thyroxin and found that there was no protective action 
Anselmmo and Hoffmann found that, altliough then substance pio- 
tected the animal against a use m metabolism, it did not prevent the 
loss of glycogen from the hvei after the injection of th 3 noxm There- 
fore fat must be effective in some othei way than by preventing the 
loss of glycogen from the hvei 

The question aiises whether these two new animal extiacts against 
thyioid poisoning are specific They are composed of an antihormonal 
substance the action of which can be duplicated by vitamins, nutiitional 
substances and metals Balo and his co-workeis found that their sub- 
stance was present in laige amounts in the pancreas, while Anselmmo 
and Hoffmann found then substance in the pancreas in only small 
amounts It is veil known that substances similar in action to the 
so-called follicular hormone have been found in plants, and perhaps 
here, too, one is dealing with nonspecific substances in the form of 
animal extracts 
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SUMMARY 

1 The serum lipase of labbits was studied aftei mjections of thy- 
roxin It was found to be maikedly reduced, and this action was felt 
to be useful in the study of antithyioid substances 

2 The blood extract of Anselmmo and Hoffmann was found to have 
a definite action in preventing the fall of the serum lipase 

3 The feeding of olive oil also had a piotective action that was only 
50 per cent as effective as the blood extract 

4 Insulin injected foi seven days befoie the injections of thyroxin 
did not piotect the serum lipase 

5 It was felt that these substances w^ere not specific m their action 



thrombo-angiitis obliterans 


IX THE CAUSE OF DEATH 

SAMUEL H AVERBUCK, MD* 

AND 

SAA'IUEL SILBERT, M D ■=* 

NEW YORK 

For many years after 1879, when von Wimwartei ^ first desciibed 
“a peculiai type of endarteiitis, endophlebitis and gangrene of the feet,” 
little attention was paid to this form of peiipheral vascular disease 
Weiss “ and von ManteuffeP contributed studies of the pathologic 
process, but it was left for Buerger^ to give a detailed account of all 
aspects of the entity from both the clinical and the pathologic standpoint 
He was the first to point out the thrombotic and inflammatory nature 
of the process, the involvement of veins as well as of arteiies and 
the characteristic clinical phenomena He mcorpoi ated all these concepts 
in the name which he gave to the disease, thiombo-angiitis obliterans 
An extensive hteiature now exists on many phases of this malady 
However, little is known concerning the fate and especially the mode 
of death of patients with this condition Usually only transient phases 
of disease are observed Fuller understanding comes with the ability to 
observe the extended and completed course of the pathologic processes ® 
Judging from the paucity of published recoids of fatal cases and post- 
mortem observations, this aspect of the study of thrombo-angiitis 
obliterans has escaped attention Prognosis is limited to judgments about 
the possibility of reestablishing and compensating for an impaired cir- 
culation and to decisions concerning the ultimate amputation or con- 
servation of the extremities No thought has been given to the fate 
of the entire organism Will other organs be involved^ This and similar 
questions can be answeied only after groups of cases have been followed 

'■ Adjunct Physician, the Mount Sinai Hospital 
* Adjunct Surgeon, the Mount Sinai Hospital 

From the wards and outpatient department of the Aiount Sinai Hospital, and 
the wards of the Alontefiore Hospital 

1 von Winiwarter, F Arch f klin Chir 23 202, 1879 

2 Weiss, E Deutsche Ztschr f Chir 40 1, 1895 

3 von Manteuffel, Z Arch f klin Chir 42 569, 1891 

4 Buerger, L Am J M Sc 154 319, 1917 

5 kfoschcowitz, E A Biologic Concept of Disease, J A M A 99 714 
(Aug 27) 1932 
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to the end In the light of these considerations, it seems impoitant to 
repoit the following foity-seven cases of thiombo-angiitis obhteians m 
which there was a fatal outcome 

SELECTION OF CASES 

Only undoubted cases of thrombo-angiitis obhteians aie included 
in the group The clinical criteiia include the piesence in men between 
the ages of 20 and 45 of obhteiative vasculai disease in the extremities 
The commonly associated symptoms of the disoidei, such as coldness, 
change of color with a difterent position and intermittent claudication, 
weie usually piesent in varying degree A histoiy of lecurrmg phlebitis, 
of ulcerations of the fingeis oi toes, with operative oi spontaneous loss 
of digits 01 amputation of the extiemities at this age, gave added 
weight to the diagnosis of thiombo-angiitis obhteians Involvement 
of the upper extiemities was considered particularly significant In 
ordei to rule out combination forms, we did not include cases of 
peiipheral vasculai disease associated with diabetes, gout or syphilis 
These disoideis are known to hasten the development of artei losclei osis 
Hypertension militated against the inclusion of a case when it was cleai 
that an elevated blood pressure had existed pievious to the appeal ance 
of symptoms of aiterial obstiuction Cases m which calcified vessels 
could be visualized by x-iays were excluded Diffeientiation from aite- 
iioscleiotic vasculai disease is difficult in patients who fiist present 
symptoms of impaiied cii dilation between the ages of 45 and 55 
Theiefoie, such cases weie not consideied in this senes except in one 
instance in which the history and physical and pathologic examinations 
left no doubt about the diagnosis (case 38) In many instances 
examination of the vessels of an amputated extremity revealed lesions 
Intel preted as typical of the disease confirming the clinical diagnosis 

Fulfilling these clinical diagnostic lequiiements weie foity-seven 
cases, all of which terminated in death Autopsy was pei formed in 
nineteen cases Most of these patients weie obseived at some stage 
of their illness by one of us (S S ) 

A shoit clinical histoiy of each case in which autopsy was pei formed 
with a resume of the lelevant pathologic observations follows For the 
sake of bievity clinical abstiacts of the cases without postmortem 
examination aie omitted Table 1 lists the moie impoitant features of 
all the cases in schematic foini 

REPORT OF CASES 

Case 1 —A H , a Russian Jewish pedler, began to have pain in the left foot on 
walking at the age of 42 Gangrene appeared in the great toe, which sloughed off, 
leaving an ulcer He smoked man 3 >- cigarets a dav For three j^ears he received 
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treatment of various sorts with some benefit He was then seen in the Mount 
Sinai clinic for thrombo-angiitis obliterans At this time there was an ulcer 
3 by 2 cm on the stump of the left great toe No pulsations were present in the 
left foot The right anterior tibial artery was closed and the right posterior tibial 
artery open The circulation in the upper extremities was normal Under treatment 
the ulcer slowly diminished in size, and pulsation reappeared in the left foot An 
infection developed which spread rapidly with severe constitutional symptoms He 
was admitted to the Mount Smai Hospital wards and immediate amputation was 
done Pathologic examination of the amputated limb revealed thrombo-angiitis 
obliterans with phlegmonous cellulitis The postoperative course was stormy, and 
the patient succumbed to general toxemia a few days later 

Suniniaiy — In a Russian Jew, aged 45, who had thrombo-angiitis obliterans for 
four years and who was improving with treatment, a severe infection developed 
requiring immediate amputation of the lower extremity He died a few days 
after operation of general toxemia 

Relevant Posinwitem Ohseivattons — There were gangrene and cellulitis of the 
stump and parenchymatous degeneration of the heart, liver and kidneys No 
thrombosis was found in any major artery in the trunk 

Case 2 — W S , an American, aged 45, began to have pain in the calves of the 
legs on walking at the age of 31 Numbness and burning m both feet were pre- 
dominant symptoms for many years A few months previous to admission to the 
Mount Sinai Hospital he had had phlebitis in the lower extremities Soon after 
this the patient stubbed his right foot, following which an ulcer appeared on the 
right fourth toe The fifth toe on the nght foot also became discolored and 
swollen He had been an excessive smoker since the age of 12 Examination 
revealed normal circulation in the upper extremities Both femoral arteries and all 
the arteries in both lower extremities were closed A small ulcer was present on 
the plantar surface of the fourth toe on the right foot The blood pressure was 
118 systolic and 94 diastolic A roentgenogram of the lower extremities showed 
no calcification of the vessels He improved with intravenous saline therapy, and 
was transferred to the clinic He did not appear for a few months, and when 
seen had an extensive ulcer over the nght ankle Later the right lower extremity 
was amputated at the United States Naval Hospital in Brooklyn He succumbed 
after this operation 

Snmmaiy — An American, aged 45, who had smoked for many years, had 
thrombo-angiitis obliterans from the age of 31 He died after an amputation of 
the right lower extremity 

Relevant Postmoitem Obsovattons (United States Naval Hospital, Brooklyn) 
— Heart and Great Vessels “Generally speaking the precordial sac was normal 
However, over the apical portion of the left ventricle there appeared to be a little 
loose fibrin The right side of the heart was in a state of extreme dilatation, and 
the muscle of this portion of the heart was markedly deficient in tonus Incision 
into the respective cardiac chambers revealed the heart generally dilated and the 
muscle, particularly that comprising the left ventricle, to be extensively fibrosed 
focally At the apical portion in this ventricle was a mural thrombus almost the 
size of a golf ball which was characteristically layered by progressive organization 
This thrombus had become intimately attached to the underlying endocardium, so 
that a line of cleavage was not discernible and separation of thrombus from car- 
dium could not be effected , in fact, organization had progressed so completely that 
the regressive changes had undergone consummation at frequent points with calcifi- 
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cation The \alves were essentially normal The coronary arteries were markedly 
sclerosed, but neither thrombosis nor embolism was discernible The aorta through- 
out Its course showed extensive areas in which fat was deposited within the intima 
Of more significance, however, were numerous foci in the abdominal portion of 
the aorta where calcification and ulceration had resulted m extreme thrombosis, 
which had become so marked in the right common iliac arterial branch that virtual 
occlusion of the lumen here was effected by well organized clots Even m this 
thrombosed portion calcification had ensued ” 

Microscopic Examination- In the heart, “there are portrayed with significant 
clarity areas of widespread parenchymatous replacement by scar tissue richly infil- 
trated by wandering and plasma cells Pronounced degeneration of muscle is 
connoted by the presence within the fibers of huge amounts of fat Brown atrophy 
IS very prominent A specific reaction to inflammation is not, however, depicted 
The coronary vessels show pronounced degeneration of the intima of the fatty type, 
with frequent regressive changes connoted by hyalinization ” 

In the aorta, “widespread degeneration within the intima is clearly portrayed 
Frequently these degenerative lesions have undergone further retrogression bv 
changes incident to hyalinization in centers of calcification The normal con- 
tinuity of the media appears to be uninterrupted ” 

Summary Autopsy revealed mural thrombosis of the cardiac left ventricle, 
generalized arteriosclerosis and thrombosis of the left common iliac artery There 
were no other arterial thromboses m the abdomen 

Case 4 — S C, a Polish Jew, aged 37, a habitual smoker, began to have a 
pain m the legs at the age of 35 Four months before admission to the Mount 
Smai Hospital pam m the toes of the left foot became intense, interfering with 
sleep A few weeks later one of the toes on the left foot became black Exam- 
ination revealed a chronically ill man of 37 The heart and lungs were normal 
The abdominal examination gave negative results The radial arteries were pul- 
sating and both femoral arteries were open, but all other pulsations were absent m 
both lower extremities A large ulcer was present over the dorsum of the left 
middle toe which was blue-black and obviously gangrenous Alcohol was injected 
into the posterior tibial nerve, with some relief from pam The musculocutaneous 
nerve was also resected and given an injection The gangrene affecting the left 
toe spread, making amputation of the left lower extremity at the lower part of 
the thigh necessary The stump bled a few times after the operation, and the 
patient succumbed to a combination of infection and exsanguination 

Swnmmy — A Jew, aged 37, who had symptoms of thrombo-angiitis obliterans 
for two years, required amputation for relief of the pain and the spreading gan- 
grene He succumbed after amputation to a combination of hemorrhage and 
infection 

Relevant Postmoi tern Obseivations — Thrombotic occlusion of the left femoral 
artery and mild atherosclerotic changes m the iliac arteries were present There 
were no visceral thromboses 

Case 6 — H F , a Russian Jewish salesman, aged 43, had intermittent claudica- 
tion m both legs for four years Three months before admission to the Mount 
Sinai Hospital ulcers developed on both feet, and later on the right leg Pain 
became so severe that the patient became bedridden He smoked on the average 
twenty cigarets a day Examination showed a severely sick, poorly nourished 
man The heart sounds w'ere poor The pulse was regular The blood pressure 
could not be obtained because of the vascular involvement The left radial pulse 
was small, the left ulnar artery was closed There were no pulsations at the 
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right wrist and none in either lower extremity Both femoral arteries were closed 
The left leg was swollen and blue, and a black necrotic ulcer w^as present below 
the ankle The right foot was swollen and there were ulcers on the heel and 
above the ankle The temperature ranged from 101 to 105 F An amputation in 
the middle of the left thigh was done under general anesthesia, at which time 
It was noted that the femoral artery was almost completely occluded Five days 
after the operation, the patient expectorated bright red blood, became cyanotic 
and dyspneic and went into cardiac collapse In spite of energetic stimulation he 
died 

Summary — A Russian Jew, aged 43, who had thrombo-angiitis obliterans for 
four years, was admitted to the hospital, critically ill Amputation of an infected 
gangrenous leg was done He died five days after the operation in sudden cardiac 
collapse 

Relevant Postmortem Obsetvahous — ^Examination revealed thrombo-angntis 
obliterans , thrombotic occlusion of both iliac arteries with ascending thrombosis 
into the aorta up to the level of the renal arteries , thrombosis of both hypogastric 
arteries , marked coronary sclerosis with thrombotic occlusion of the left anterior 
descending artery, narrowing of the right coronary artery and myocardial fibrosis , 
myomalacia of the left ventricle with aneurysm, atherosclerosis of the aorta and 
carotid subclavian and pulmonary arteries , multiple embolism of the branches of 
the pulmonary artery, and hyperplasia of the medulla of both suprarenal glands 

Case 9 — N F, a Russian Jew, aged 49, began to have symptoms of thrombo- 
angiitis obliterans at the age of 29 One year later, owing to the progression of 
the disease, amputation of one lower extremity was done at the Mount Smai 
Hospital The following year the second extremity was amputated He had 
smoked since the age of 20 He was seen in the clinic at the age of 44 with 
symptoms of involvement of the hands Physical examination revealed two well 
healed stumps There were two atypically situated pulses at each wrist The 
blood pressure was 155 systolic and 100 diastolic An electrocardiogram revealed 
no abnormalities With the cessation of smoking and on intravenous saline 
therapy, the symptoms cleared up completely Gastro-intestinal symptoms appeared 
at the age of 49 He was readmitted to the hospital at which time study disclosed 
carcinoma of the hepatic flexure with metastases, from which he died Autopsy 
confirmed the diagnosis 

Summaty — A Russian Jew, who had thrombo-angiitis obliterans for twenty 
years and who required amputation of both lower extremities, died at the age 
of 49 of carcinoma of the colon 

Poslm-oitem Obseivahons — Examination revealed carcinoma of the colon with 
metastases to the liver and slight arteriosclerosis of the ascending aorta The 
coronary vessels were normal, and no thromboses were found in the major vessels 
of the trunk 

Case 12 — W S, an Austrian Jew, aged 38, began to have pain m the right 
foot at the age of 32 He was an inveterate smoker Examination showed an 
absent radial pulse All other pulses in the upper extremities were present, as 
were both femoral pulses Both popliteal arteries were closed, and no pulsations 
were present in either foot The patient was treated with hypertonic saline solu- 
tion intravenously He continued to smoke During the course of his treatment 
abdominal symptoms appeared He was admitted to the Mount Sinai Hospital 
where he eventually died Autopsy showed a widely disseminated carcinoma 
arising in the head of the pancreas 
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Sniiimaiy A man of 38, \\ho had thrombo-angntis obliterans for six years 

and who on presenting himself had advanced arterial impairment in the lower 
extremities, died of carcinoma of the head of the pancreas with metastases 

Postmortem Observations — Examination revealed small round cell sarcoma of 
the bone or of the head of the pancreas, with metastases to the liver, lungs and 
bones, and no vascular thromboses in any of the viscera 

Case IS — H K, a non-Jewish Pole, aged 33, a window cleaner, had coldness 
and pain in his left foot for three months It was necessary to rest three times 
while walking one block There was no history of migrating phlebitis, nor were 
there ever any ulcerations He had smoked fifteen or twenty cigarets a day since 
the age of 15 Examination revealed normal circulation in the upper extremities 
Both femoral and popliteal arteries were pulsating, as were all the arteries in the 
right foot There were no pulsations m the left foot Smoking was prohibited 
and intravenous hypertonic saline injections were given three times a week He 
continued to show further improvement under treatment While at work, the 
patient fell from a six story window and died of a fractured skull An incomplete 
autopsy was done by the medical examiner 

Stimmaiy — A non-Jewish Pole, aged 33, began to have symptoms of thrombo- 
angiitis obliterans When smoking was discontinued and hypertonic saline solution 
was administered intravenously, he improved considerably and was able to resume 
his former occupation of window cleaner While at work he fell from a six 
story window and died of the resulting injuries A complete autopsy was not 
done Postmortem examination confirmed the cause of death as fracture of the 
skull with multiple lacerations of the brain The abdominal or thoracic viscera 
were not examined 

Case 17 — M G, a Russian Jewish operator, had phlebitis about the left ankle 
at the age of 42 A year later there was pain m the fingers of the right hand 
This finally disappeared About four and one-half years before his admission to 
the Montefiore Hospital gangrene developed in the right foot requiring an amputa- 
tion of the right lower extremity at the middle of the thigh Three years later 
amputation of the left lower extremity at the middle of the thigh was done for 
gangrene of the toes Gangrene of the fingers of both hands was present at the 
time of admission The patient smoked ten cigarets a day Examination revealed 
emphysema and some basal pulmonary rales The heart was normal , the blood 
pressure was 130 systolic and 84 diastolic Both lower extremities had been ampu- 
tated The left radial pulse was smaller than the right During the ten years of 
his stay in the hospital he felt well At the age of 60, urinar 3 ’' symptoms developed 
Prostatectomy was attempted He died of pulmonary infection postoperatively 
Summary — A Russian Jew, who had thrombo-angntis obliterans beginning at 
the age of 42 and who had both lower extremities amputated, besides suffering 
gangrenous involvement of many of the digits of both hands, died at the age of 
60 of a postoperative (prostatectomy) pulmonary infection 

Relevant Postmortem Observations — Autopsy revealed patent coronary 
arteries, mildly atherosclerotic, spirochetal pneumonia of both lower lobes with 
formation of cavities , thrombosis of the pulmonary arteries to both lower lobes , 
no other vascular occlusions, and no significant microscopic changes 

Case 20 S S, an Austrian Jew, had intermittent claudication for eight 
j'ears, beginning at the age of 29 Amputation of the left great toe had been done, 
and ulceration persisted He was a moderate smoker Examination at the Mount 
Sinai clinic showed all vessels closed in both feet and gangrenous ulceration of 
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the left foot In spite of treatment the gangrene progressed and an amputation of 
the left lower extremit}’’ w'as done at the middle of the thigh One year later, 
because of similar involvement of the right foot, amputation was done at the 
Montefiore Hospital Examination of this specimen pathologically showed the 
usual lesions of thrombo-angiitis obliterans He was seen several times during 
the next three years, and presented ulcerations of two fingers of his right hand 
At this time a spreading gangrene of the right stump developed and he died The 
patient refused to stop smoking throughout his entire illness 

Swnmaiy~h\\ Austrian Jew who had thrombo-angntis obliterans for thirteen 
years, beginning at the age of 29, and who had had amputations of both lower 
extremities and also involvement of both upper extremities, died of a spreading 
gangrene of the right stump 

Relevant Postmoiiem Obseivatwus — Heart The coronary arteries were 
straight and soft The myocardium was pale, tan and flabby in consistency Both 
ventricles were hypertrophied and dilated The valves were normal The anterior 
descending branch of the left coronary artery was occluded by a greenish-white 
mass Other coronary arteries showed slight atherosclerosis, but were everywhere 
patent 

Vessels The abdominal aorta was completely occluded b}' a grayish thrombus 
below the renal arteries This manifestation extended into the common iliac 
vessels where the thrombus became red The upper portion of the abdominal aorta 
had a marked “tree back” appearance The right femoral artery was occluded at 
one point near its origin by yellowish-gray material The left femoral artery 
showed no abnormalities, nor did the renal, carotid, left brachial or mesenteric 
arteries The inferior vena cava showed no abnormalities 

Microscopic Examination The coronary artery showed occlusion, organization 
and recanalization , the vein was umnvolved Of three sections of the right femoral 
artery one was negative, though an adjacent vein had been completely replaced and 
recanalized A second section showed moderate intimal proliferation with a 
thrombus undergoing organization, and adjacent veins had been occluded and 
recanalized A third section was completely occluded by a thrombus, most of 
which was fairly recent, and a branch had been completely occluded and recanalized 
In the left femoral artery, at one point, there was considerable intimal pro- 
liferation, but the lumen remained patent The wall of the vein showed collections 
of lymphocytes The artery had been occluded and recanalized 

Summary Autopsy revealed thrombo-angntis obliterans, thrombosis of the 
abdominal aorta with complete occlusion, gangrene of both lower extremities, the 
left hip, the left arm, the axilla and the penis and coronary sclerosis, with throm- 
bosis and recanalization of the left anterior descending coronary artery 

Case 21 — T R , a Russian Jew, aged 42, first began to have severe pain and 
paresthesia m his left leg one year before admission to the Mount Sinai Hospital 
The toes on this foot became gangrenous and separated spontaneously Foui 
months later the foot was amputated at the ankle at the Johns Hopkins Hospital 
Two weeks before admission to the Mount Sinai Hospital, pain occurred m the 
left thigh The patient had smoked from twenty to forty cigarets a day for many 
j'ears Examination revealed a chronically ill, emaciated man with emphysema of 
the lungs and a normal heart At the site of the amputation of the left foot there 
was a gangrenous wound On the inner aspect of the distal third of the left thigh 
was a swollen, red, tender elevation, exuding pus The fourth and fifth toes of 
the right foot were not present The left femoral pulse was small, the right femo- 
ral pulse was present and the right popliteal pulse was small There were 
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no pulsations in the right foot At no time was the patient in a condition to 
undergo amputation In spite of transfusions and supportive treatment he gradu- 
ally lost ground and died of spreading gangrene four weeks after admission 

Smnmaiy — A man of 42, who had had symptoms of thrombo-angiitis obliterans 
in both lower extremities, which had required amputation of his left foot, died 
of spreading gangrene from this unhealed wound 

Relevant Postmoitem Obseivafwns — Examination revealed a gangrenous 
wound of the stump of the left leg, which had been amputated below the knee 
The fourth and fifth toes of the right foot were missing Vessels in the stump 
showed the changes characteristic of thrombo-angiitis obliterans The heart was 
small, and the muscle was brown and thinned The coronary orifices and arteries 
were patent There was some atherosclerotic thickening of the right coronary 
artery Aside from evidence of cachexia, the other organs presented no abnor- 
malities There were no arterial thromboses 

Case 23 — J M, a Russian Jewish driver, aged 47, was seen at the Montefiore 
Hospital Nine years previously he had had an amputation high in the thigh for 
thrombo-angiitis obliterans He was admitted because for the previous eight years 
he had had constantly recurring pain and ulcerations of the other leg He smoked 
moderately Physical examination showed a thin, middle-aged man The heart 
and lungs were normal The stump was well healed The left lower extremity 
was atrophic and the foot was discolored The blood pressure was 140 systolic and 
80 diastolic There were no pulsations in the foot Shortly after admission, because 
of the progression of symptoms, an amputation of the left extremity at the middle 
of the thigh was done Pathologic examination of this amputated extremity 
revealed the typical lesions of thrombo-angiitis obliterans The patient persisted 
in smoking in spite of advice His further course was characterized by progressive 
involvement of the fingers of the right hand At this time one artery was closed 
in each wrist The right index finger finally sloughed off Then he had attacks 
of colicky abdominal pain, accompanied by bloody diarrhea, vomiting and tenesmus 
There was tenderness in the epigastrium and lower quadrant on the right side, 
but no rigidity or fever It was suspected, but never definitely established clinically, 
that the patient had mesenteric arterial involvement His course was rapidlj' down 
hill, and shortly before his death, at the age of 56, he became irrational 

Sinmnaiv — A Russian Jew had his first amputation for thrombo-angiitis oblit- 
erans at the age of 38, and his second amputation at 47 There was subsequent 
involvement of both remaining extremities with clinical evidence of mesenteric 
arterial occlusion He died at the age of 56 

Relevant Postmortem Obseivahons — Examination revealed an emaciated 
cadaver with two stumps at the thigh and a missing right index finger The 
heart weighed 190 Gm The valves were normal and the coronary arteries were 
beaded and tortuous owing to atherosclerosis The lumen of the left anterior 
descending artery -was narrowed, but not completely occluded No thromboses 
existed The aorta showed marked arteriosclerosis extending down into the com- 
mon iliac arteries There were arteriosclerotic ulcerations and raised plaques 
Both femoral vessels were completely occluded by thrombi The renal arter}'^ 
showed slight arteriosclerosis One of the smaller branches of the superior 
mesenteric artery was completely occluded for about 1 inch (2 5 cm ) bj’’ a red 
thrombus The pulmonary artery showed atheromatosis The inferior vena cava 
vas normal The abdominal viscera were normal 

Microscopic examination revealed interstitial myocardial fibrosis of the cardiac 
muscle The right femoral artery and vein showed an irregularity of architecture 
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Both vessels were definitely thrombotic, the arterial thrombus being composed of 
red and white cells and fibroblasts Small \asa vasorum were seen outside the 
thrombus , there was a large amount of fibrous tissue growing irregularly into the 
Ultima and media In another section the thrombus was composed of fibrous tissue 
and fibroblasts with an apparently homogeneous, structureless hyaline layer around 
it The thrombus had been canalized and recanalized The vein showed marked 
narrowing of the lumen by an invagination of the intima with marked narrowing 
of the lumen 

The process in the left femoral artery was similar to that in the right The 
thrombus left only a small slit for a lumen Canalization had evidently taken place 
repeatedly There were small lumens scattered all through the thrombus In the 
mesenteric artery the intima showed a good deal of thickening by a wavy hyaline 
structure containing numerous fibroblasts, which had markedly encroached on the 
lumen Another section of this vessel showed advanced obliteration of the lumen 
by a thrombus which had been recanalized Numerous young blood vessels were 
seen to break up the thrombus Other small vessels appeared only as masses of 
fibrous tissue due to closure of their ostia The cerebral vessels revealed arterio- 
sclerosis 

Summary Autopsy revealed thrombo-angiitis obliterans with amputation at 
the middle of both thighs, thrombosis of the right and left femoral arteries with 
thrombosis of the branch of the superior mesenteric artery (thiombo-angntis 
obliterans?), generalized arteriosclerosis and marked arteriosclerosis of the aorta 
and coronary vessels 

Case 31 — M L, a Russian Jewish operator, first had symptoms of thrombo- 
angiitis obliterans at the age of 30 Three years later his right lower extremity 
was amputated The condition involved the other lower extremity and progressed, 
requiring amputation of the left leg five years later The patient was 38 at this 
time, and had a blood pressure of 104 systolic and 68 diastolic For three years 
he was relatively well At the age of 41, there first appeared attacks of precordial 
pain, dyspnea, sweating and weakness Subsequently dyspnea on exertion and 
edema of the stumps developed Admitted to the Montefiore Hospital because of 
these symptoms, physical examination showed a chronically ill man of 43, with 
dyspnea and orthopnea There were edema of both stumps, an enlarged heart, 
svstohc basal murmurs and an enlarged livei The blood pressure was 232 systolic 
130 diastolic, 182 systolic, 118 diastolic, and 190 systolic and 120 diastolic A 
roentgenogram showed an enlarged heart and fluid in both pleurae The electro- 
cardiogram revealed left ventricular predominance, notched P waves, peaked and 
notched Q R S complexes, with low T I and inverted T III waves, and was 
interpreted as indicating myocardial damage The heart failure increased, and 
the patient died of pulmonary edema 

Suntvjmy — A Russian Jew, who had thrombo-angiitis obliterans from the age 
of 30, and who had amputations of both lower extremities at the ages of 33 and 
38, respectively, had a hypertension and angina pectoris during the last few years 
of his life, and died of heart failure at the age of 44 

Relevant Postmoifem Obscjvafions — ^The heart showed hypertrophy and dila- 
tation but no valvular abnormalities The myocardium was firm and grosslv 
normal The coronary arteries were normal, except for scattered small athero- 
matous plaques The liver revealed thrombosis of the hepatic arteiy^ extending 
into the right and left branches, the celiac axis and its other branches were 
thickened but not occluded There was atheromatous involvement in the aorta 
from root to bifurcation In the terminal portion of the iliac and proximal portion 
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of the femoral arteries, there was an occluding thrombus which was breaking down 
There were no thrombi in the right iliac artery The vena cava and tributaries 
were normal 

Microscopic examination revealed moderate fatty infiltration of muscle fibers 
in the myocardium The aorta showed marked intimal fibrosis and hyalinization 
and congestion of the vasa vasorum The iliac artery revealed marked hyaline 
and fibrous thickening of intima There was unclotted blood in the lumen In 
the hepatic artery perivascular round cell infiltration and fibrosis were evident, 
and the lumen was filled with a laminated clot, showing organization at the 
Xieriphery Another section showed complete occlusion by a recanalized organized 
thrombus 

Summary Autopsy revealed cardiac hvpertrophy and dilatation, thrombosis 
of the hepatic and left iliac arteries and mild atheroma of the coronary arteries 

Case 33 — S R , a Russian Jewish operator, aged 42, had had thrombo-angntis 
obliterans for nine years Seven years before admission his left foot had been 
amputated at the ankle and five years later the right leg had been removed below 
the knee The clinical diagnosis of thrombo-angntis obliterans was confirmed bj 
examination of an amputated limb He smoked about twenty cigarets a da\ 
Beginning seven months before admission to the Mount Sinai Hospital, post- 
prandial epigastric and periumbilical pain occurred without associated symptoms 
The pain was colicky and was relieved by pressure on the abdomen or the applica- 
tion of heat Increasing frequency and severity of these abdominal symptoms 
caused him to enter the hospital Examination revealed normal circulation in the 
upper extremities The pulsations in the left lower extremity, iliac and femoral 
arteries were small The right external iliac, the right femoral and both popliteal 
arteries were closed The stumps were well healed, but cold The abdomen was 
held voluntarily rigid, making accurate examination difficult The patient was 
afebrile, the blood pressure was 132 systolic and 85 diastolic Roentgenograms of 
the gastro-intestmal region revealed no organic lesion of the stomach or duodenum, 
but showed what was interpreted as a partial obstruction in the small intestine The 
abdominal pain became more constant and severe, at times requiring chloroform 
anesthesia for relief In a few days the patient died of exhaustion and shock 
Clinical diagnosis was thrombo-angntis obliterans with dysbasia mtermittens 
arteria mesenterica (Ortner) 

Summaiy — A Russian Jew, aged 42, had thrombo-angntis obliterans for nine 
years, during which time amputation of both lower extremities was done For 
seven months before death he had recurring attacks of postprandial colic which 
was diagnosed as due to progressive occlusion of the vascular supply of the upper 
gastro-intestmal tract He died a few days after admission from shock 

Relevant Postviot tern Obseivalious (Dr C Rabin) — Examination revealed well 
healed stumps of the left leg amputated at the tarsometatarsal junctions and of 
the right leg amputated below the knee The heart weighed 300 Gm There was 
an apical myocardial scar, and thrombosis in a branch of the right coronary artery 
had occurred Some atheroma of the sinuses of Valsalva was present Then the 
aorta was fairly free up to the origin of the celiac axis The opening of the 
celiac axis was indicated by a circular depressed area of fibrosis It was not patent 
The opening of the inferior mesenteric artery also was plugged with a thrombus, 
completely occluding the mouth of the vessel which was thickened by an old 
mflammatorj'- process Orifices of the renal artery were widely patent The aortic 
wall below the celiac axis was thin, slightly narrowed and scarred The scars 
were depressed , some were stellate and mostly parallel, giving a wrinkled appear- 
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ance There was a slight atheromatous process in this region The common iliac 
vessels showed little change Both external and internal iliac arteries showed 
thickening of the arterial walls with thrombi — some organized and others fresh 
Within a few inches of the bifurcation of the common iliac arteries these vessels 
were very narrow, having been completel}' occluded by fresh and old thromboses 

At the junction of the hepatic, gastric and splenic vessels the celiac axis was 
completely obliterated by an organized process The gastric artery appeared 
patent The splenic artery was thrombosed for a short distance About 3 cm 
from its entrance into the celiac axis it suddenly became wide and was patent all 
the way to the hilus of the spleen The hepatic artery from about 1 inch from 
the celiac axis showed numerous areas of thrombosis The lumen of the artery 
was narrowed and was represented by a number of recanalized channels The 
cystic artery showed the same condition The superior pancreaticoduodenal artery 
was completely closed off by a fresh thrombus The superior mesenteric arterj'^ 
was closed off at its mouth by a fresh thrombus Then for a distance of 2 cm it 
showed no change The opening of the inferior pancreaticoduodenal artery was 
free Farther along in its course it was occluded by an old thrombus and partly 
recanalized The intestinal branches of the inferior mesenteric artery were patent 
The main body of the artery in its course m the mesentery was completely throm- 
bosed, mainly organized, but in some places a fresh thrombus could be discovered 
The wall was much thickened No free lumen could be discovered all the way to 
its entrance into the aorta No evidence of its opening into the aorta could be 
found 

In the gastro-intestmal tract the upper jejunum and duodenum were normal in 
appearance The lower portion of the jejunum, the entire ileum and the ascending 
and transverse colon were deep red, the serosa was dull and opaque On the 
surface were numerous areas of gangrene which were more marked on the mucous 
membrane In two places in the ileum there were perforations from which bloody 
grumous intestinal contents entered the peritoneal cavity The descending colon, 
for the most part, showed only congestion Mesenteric veins near the intestine 
were dilated and well filled with a postmortem clot The vena cava and portal 
vein, as well as the veins of the spleen, were normal 

Microscopic Examination The celiac axis was completely occluded by an 
organized thrombus which was partially recanalized The internal elastic mem- 
brane was clear and showed little alteration There were a number of cells con- 
taining iron pigment at the edges of the organized thrombus At one small point 
there was thickening in the intima with some proliferation of the elastica intima 
Another section of this artery showed occlusion by an organized recanalized 
thrombus There were no intimal or internal elastic changes The superior 
mesenteric artery was occluded by an old thrombus, recanalized Some intimal 
thickening was evident, with proliferation of the elastic tissue The media showed 
some lymphocytic infiltration, and the adventitia some fibrous thickening The 
inferior mesenteric artery was completely occluded by an organized thrombus 
There was no intimal thickening or changes m the elastica interna The splenic, 
hepatic, pancreaticoduodenal, internal and external and iliac arteries showed organ- 
ized recanalized thrombosis with occasional intimal thickening or lamellation of 
the elastica interna 

Summary Old and recent thrombi were evident on the walls of the internal 
and external iliac arteries There was thrombosis of the right coronary artery 
with myocardial scarring, and thrombotic occlusion of the celiac axis with extension 
into the hepatic, splenic, cystic and pancreaticoduodenal arteries There were 
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thrombotic occlusion of the inferior mesenteric and superior mesenteric arteries, 
perforations in the gangrenous ileum and congestion of the ascending and transverse 
colon 

Case 42 — M T , an Austrian Jewish tailor, aged 53, was seen in the Montefiore 
Hospital He had had vascular disease necessitating amputation of the left lower 
extremity at the middle of the thigh, at the age of 39 At the age of 47, he had 
hemiparesis, of short duration A short time before admission to the hospital, 
intermittent claudication of the right leg developed He had smoked twenty 
cigarets a day for many years Examination disclosed a well nourished man on 
crutches The heart and lungs showed no obvious abnormalities The blood 
pressure was 115 systolic and 75 diastolic There were no residual neurologic 
signs of the previous hemiparesis The Wassermann reaction of the blood was 
negative While under observation an acute episode developed, characterized by 
collapse, falling blood pressure, rapid pulse, fever, cyanosis and the appearance 
of a pericardial rub The patient died during this attack, which was interpreted 
as a coronary closure 

Smnmaiy — An Austrian Jew, who had thrombo-angiitis obliterans since the 
age of 39, and who had an amputation of one lower extremity at that time, sub- 
sequently had temporary hemiparesis and later died in an attack of coronary 
thrombosis 

Relevant Postmortem Observations — In the heart and coronary arteries, recent 
and old myocardial infarctions were found in the left ventricular wall with a fresh 
mural thrombus The left descending coronary artery branch was calcified and 
finally completely closed at about its middle The circumflex artery was also occluded 
at about the middle The right coronary artery was atheromatous, but not visibly 
occluded The aorta and the branches were the seat of a moderately advanced 
atherosclerotic process 

Microscopic Examination The left iliac artery was markedly fibrous, with 
hyaline thickening of the intima, and the right iliac artery showed slight thickening 
of the media and intima There was no stenosis or occlusion In the pulmonary 
artery there was fatty and fibrous thickening of the intima, while the coronary 
artery showed marked fibrous thickening and slight fatty infiltration of the intima 
The undei lying layers were almost completely replaced by organizing scars, and 
underneath this zone were large areas of recent necrosis In the aorta were small 
areas of fibrosis and hyalmization, with a slight tendency to calcification of the 
media and intima 

Summary Examination at autopsy revealed coronarj^ sclerosis and occlusion, 
recent and old infarcts of the left ventricular myocardium, a localized adherent 
pericardium, slight generalized atherosclerosis and atheroma of the pulmonary 
vessels 

Case 43 (reported by Buerger) — K , aged 24, gave a history of having 
had pain in the left great toe the year before admission The pain recurred two 
weeks before admission to the Mount Smai Hospital The toe became discolored 
and the foot swollen There also were intermittent cramplike pains in the calf 
of the light leg on walking Examination disclosed absence of pulsation m the 
left dorsalis pedis artery The right dorsalis pedis artery pulsated During the 
next tliree years, because of progressive occlusion of the vessels of the lower 
extiemities, amputation of both lower extremities became necessary Pathologic 
study established the diagnosis of thrombo-angiitis obliterans The patient was 
found dead one day, just after he had been seen alive by one of the hospital 
attendants 
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Sumviaiy — A man, aged 27, died suddenly He had thrombo-angntis 
obliterans for four j^ears, during which period amputation of both lower extremities 
was done 

Relevant Postmoitcm Obscivations — The cardiac muscles were brown, with 
many yellow areas of degeneration and fibrosis About 1 5 cm from the origin 
the lumen of the left anterior descending coronary arter}"- was filled with a fibrous, 
yellowish-white substance, adherent to the wall and dividing the lumen of the 
vessel into two small parts (recanalization?) The right coronary artery was 
normal There were no other vascular occlusions Microscopic examination 
levealed the typical picture of arteriosclerosis There was no evidence of thrombo- 
angiitis obliterans 

Case 44 (reported by Buerger) — T L began to have pam m the left foot at 
the age of 34 Gangrene of the toes developed, and an ulcer appeared on the 
doisum of this foot A year later the left leg was amputated at the middle of 
the thigh In another year, because of involvement of the right lower extremity 
amputation of this leg was done likewise through the middle of the thigh Exam- 
ination of the amputated extremities showed old and acute lesions of 
thrombo-angntis obliterans Two years later, at the age of 38, he began to com- 
plain of trouble m his right hand Examination revealed an atrophic hand with 
thickened skin The brachial artery could be felt as a nonpulsating cord, and the 
ulnar and radial arteries did not pulsate at either wrist Both femoral pulses were 
absent Although the process m the hands did not progress, m two years the 
patient was again observed in the hospital because of ulceration and a slough on 
the stump of the left leg Asthenia, cachexia, fever and coma ushered m the final 
fatal stage 

Suinmaiy — A man who had his first symptoms of thrombo-angntis obliterans 
at the age of 34 had progressive involvement of all four extremities, requiring 
amputation of both legs He died at the age of 40 of cachexia and toxemia result- 
ing from a gangrenous infected stump 

Relevant Postinoi teiii Obsetvatwns — Examination revealed slight coronary 
atheroma, thrombotic occlusion of the abdominal aorta and narrowing of the right 
renal artery Microscopically the aorta and renal vessels showed arteriosclerosis 
with bland thrombosis and organization 

Case 45 (reported by Buerger) — B D , a man of 21 years, with 
thombo-angiitis obliterans, had an amputation through the left thigh A few days 
later he experienced extreme abdominal pain with rigidity of the abdominal wall 
Operation confirmed the diagnosis of mesenteric thrombosis with gangrene of the 
intestines The patient died 

Relevant Postmortem Obseivations — Examination revealed marked coronary 
atheroma, patchy myocardial fibrosis, mural thrombi on a sclerotic aorta, throm- 
bosis of the superior mesenteric artery, celiac axis and left internal iliac and 
femoral arteries, gangrene of the terminal 4 feet (121 cm ) of ileum, and infarcts 
of the spleen and kidneys Microscopicallv various involved vessels showed typical 
lesions of arteriosclerosis with thromboses There were no lesions characteristic 
of thrombo-angntis obliterans 

Case 46 — A S, a Russian Jewish operator, required amputation of a finger 
of the left hand because of pam and gangrene at the age of 35 A few months 
later some fingers on the right hand became involved The left great toe was 
affected and was removed surgically One year before admission to the Montefiore 
Hospital gangrene developed m the right great toe making amputation of the right 



452 


ARCHIVES OF INTERNAL MEDICINE 


lower extremity necessary Six months later the left lower extremity was ampu- 
tated at the knee joint The patient smoked fifteen cigars a day Examination 
revealed amputation of the index and middle fingers of the right hand, the index 
finger of the left hand and both lower extremities No pulse was felt at the left 
wrist, the right ulnar pulse was small, and the radial pulse absent The blood 
pressure was 90 systolic and SO diastolic In the hospital the patient was comfort- 
able At the age of 47, he had a hemiplegic stroke, from which he recovered A 
year later, while watching a baseball game he suddenly became unconscious and 
died an hour later 

Swnmaiy — A Russian Jew, who had thrombo-angntis obliterans for thirteen 
years, beginning at the age of 35, and who had amputation of numerous digits of 
both hands and of both lower extremities, died suddenly at the age of 48 A year 
before his death he had had right hemiplegia 

Relevant Postmo) tein Obseivatwns — Examination revealed marked coronary 
sclerosis, with the left anterior descending artery occluded by reddish-gray trans- 
lucent material (old and recent closure) , myocardial infarction , arteriosclerosis 
of the aorta and renal arteries , small internal iliac and femoral arteries, with 
greatly reduced lumens , cerebral arteriosclerosis with multiple areas of softening 
in the brain, and thrombosis of the branches of the middle and anterior cerebral 
arteries 

Microscopic examination of the arteries revealed a fresh blood and fibrin 
thrombosis of the coronary arteries with beginning organization and the ingrowth 
of fibroblasts and small blood vessels, thickening of the media and intima with 
hyalinization and an organized thrombus with hyalinization In the cerebral arteries 
arteriosclerosis with thrombosis of the middle and anterior cerebral vessels was 
evident 

Casf 47 — S M , a Russian Jewish glazier, first had pain in the lower extremi- 
ties at the age of 35 An infection under the right great toe nail was present at 
this time This finally healed, but two years later a more extensive involvement 
of the left foot occurred This finally made amputation of the left lower extremity 
necessary at the age of 37 Three years later repeated and spreading ulceration on 
the right foot resulted in amputation of the right lower extremity On numerous 
occasions there were ulcerations on the fingers of the right hand A few months 
before his admission to the Montefiore Hospital sugar was discovered in the 
urine It had not been present at the time of the first amputation Examination 
revealed the absence of both lower extremities The right radial pulse was absent, 
and the right brachial pulse was small The left radial pulse was present During 
his stay in the hospital he was comparatively well One day before his sudden 
death, he complained of precordial oppression 

Suniinaiy — A Russian Jew, who had thrombo-angntis obliterans since the age 
of 35, required the amputation of both lower extremities There was involvement 
of the upper extremities also Sugar was noted m his urine for the first time 
when he was 50 He died suddenly, having complained of precordial distress a 
day before 

Relevant Postmoitcm Obseivatwns — Examination revealed hypertrophy and 
dilatation of the heart, with myocardial fibrosis , arteriosclerosis of the coronary 
arteries with occlusion of the left anterior descending artery , old occlusion of a 
branch of the right coronary artery , cerebral arteriosclerosis, with thrombosis of 
the lenticulostnate artery , severe aortic arteriosclerosis, with occluding thrombus 
extending into the iliac arteries, and no visceral vascular thromboses Micro- 
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scopicallj' the coronary vessels re\ealed marked thickening of the intima and media 
with cellular infiltration composed of connectne tissue and round cells The lumen 
was narrowed and contained an adherent fresh fibrin thrombus Marked arterio- 
sclerosis with intimal and medial thickening was evident in the aorta 


EXTREMITIES INVOLVED, AMPUTATIONS 

Twenty-two patients, oi roughl}'’ one half of the total, had involve- 
ment of the lower extiemities only, while the remaining twenty-five 
had involvement of the upper extremities also , that is to say, all patients 
had disease of the low'er extiemities, wdieieas none had disease onl)^ of 
the upper extremities 

All except eight of the forty-seven patients had undeigone at least 
one major amputation In the last decade the theiapeutic management 
of thiombo-angntis obliterans has become radically altered Moie suc- 
cessful methods of tieatment and the employment of newei methods 
foi the alleviation of pain m involved extremities have made it possible 
to pi event early amputation of the extiemities m moderately advanced 
cases — heretofoie a common occuirence Today all wmrkeis m the 
field of therapy (Silbeit,'’ Blown and Allen," Samuels ® and Schlesmger 
have advised against an early ladical opeiation At the Mount Smai 
Hospital amputation for tin ombo-angiitis obliterans m the past ten yeais 
has been i educed to a fi action of its foimer incidence It may safely 
be predicted that m a similai gioup lepoited ten yeais fiom now the 
incidence of amputation wnll be still less 

AGE OF INCIDENCE AND DURATION OE DISEASE 

Although age w^as considered one of the ciiteiia foi the inclusion 
of a case in this series, all other features of the disease m the cases 
lepoited heie confiimed the diagnosis Theiefore, the analysis of the 
age of onset, the duiation of the disease and the age at the time of 
death can afifoid some valid information Table 2 shows the incidence 
foi each decade 

The greatest numbei of cases appealed m the fouith decade of life 
When It IS undei stood that hand in hand wnth the occlusive process 
there aiises an extensive collateral and compensatoiy vascular network 

6 Silbert, S A New ^letbod for Treatment of Thrombo-Angiitis Obliterans, 

T A 79 1765 (Nov 18) 1922, The Treatment of Thrombo-Angiitis Oblit- 

erans, ibid 86 1759 (June 5) 1926, Thrombo-Angiitis Obliterans (Buero-er) 
ibid 94 1730 (Alay 31) 1930 

7 Brown, G E , and Allen, E V Thrombo-Angiitis Obliterans, Phila- 
delphia, W B Saunders Companv, 1928 

8 Samuels, S Treatment of Gangrene Due to Thrombo-Angiitis Obliterans 
J ^ A 96 751 (March 7) 1931 

9 Schlesmger, H Klin Webnsehr 45 2112, 1930 
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\\hich postpones the appearance of symptoms, it can be said that thi ombo- 
angiitis obhteians probably has its beginning most frequently in the 
third decade 

The duration of life m three of the nine patients who began to 
show symptoms between the age of 18 and 30 did not exceed four yeais 
This exaggerates the gravity of the piognosis m these persons, for 
there are many afflicted at this age who do \ery w^ell, and because of 
that fact w'ould not appear m this group Yet these few cases would 
seem to indicate that not inf i equently cases in w Inch the disease appeal s 
eaily m life have a different character from the usual instances The 
involvement is more extensive, the thiombotic featuie is prominent 
and the geneial pace of the disease is accelerated An example of this 
type of case was obseived recently m the waids of the Mount Smai 
Hospital A man of 20 wdio had had S 3 miptoms for only a few months 
was found to have involvement of all four extiemities In one leg 


Table 2 — Incidence of Disease by Age 


Age ot Onset (bv Historv) 

- -- A 



15 to 19 

20 to 29 

30 to 89 

40 to 49 

Number of cases 

2 

7 

29 

9 


the process had advanced so far that in spite of active therapy 
amputation was necessar}^ because of spreading gangrene 

In the older group, with onset between 40 and 50, comprising nine 
cases, the duration of life w^as short, except in two patients, who 
survived for twenty-one and eighteen years, respectively Subjects who 
come under observation at this period frequently have arteriosclei osis 
In other instances, because of the long though silent existence of the 
disease, the involvement is extensive Fi equently when patients in 
this group are first seen surgical procedures are necessar}'-, but not well 
borne Such circumstances accounted for the death of two of our patients 
(cases 1 and 21) It is to be noted that three patients m this group 
died of coronaiy thrombosis (cases 35, 38 and 40), a not uncommon 
mode of termination in thrombo-angiitis obliterans, as wnll be showm 
later 


The twenty-nine patients who showed the fiist symptoms betw^een 
the ages of 30 and 39 make up the largest gioup Thu teen lived less 
than ten years after the onset of symptoms and the other sixteen 
survived for from ten to twenty-three years No patient in this gioup 
lived to the age of 60 The average duration of life was 12 5 yeais 
from the onset of symptoms This figure possesses the limitations of 
all averages ” It does not apply to a particular case Perhaps the 
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only wai ranted conclusion to be drawn from the figures is that a patient 
presenting the first symptoms between the ages of 30 and 40 has a 
maximum life expectancy of roughly twenty years 

From a study of these forty-seven cases it appeals that when 
thrombo-angiitis obliteians occuis in the second or early third decade 
of life, It may run a stormy course, characterized by extensive thromboses 
and complications requiring surgical measures, with then attendant 
risks This parallels many well known examples of the marked severity 
of a given disease m young subjects When symptoms of thrombo- 
angiitis obliterans first appear m the fourth decade, the maximum life 
expectancy is about twenty years, with somewhat more than one half 
the patients surviving for ten years or more 

CAUSE OF DEATH 

In table 1 the causes of death have been classified under four 
headings (1) operative intervention, (2) intercurrent disease, (3) 
asthenia and cachexia, and (4) vascular accidents In the last group 
are included five instances of sudden death 

1 Operative Inteivention — Seven patients died after opeiations which 
weie necessary because of extensive vascular occlusions in the extremities 
or succumbed after surgical procedures (ganghonectomy) undertaken 
to stay the , progress of the disease The most common operation 
pel formed for thrombo-aiigiitis obliterans is amputation A high mor- 
tality is not usually associated with this procedure In some cases a 
fatal issue can be explained by the fact that amputation is undertaken 
too late Undei such circumstances, the patient, woin out by sleepless 
nights of persistent pain and weakened by toxic absorption from a 
gangrenous extremity, readily succumbs to this relatively mild pro- 
cedure In the present-day conservatism lies some danger in occasionally 
delaying too long the surgical removal of a hopelessly diseased pait 
In the majority of cases natuial demarcation and spontaneous amputation 
occur, but in some instances using tempeiature, lapid pulse or a spread- 
ing gangrenous or infective process with a constitutional reaction demand 
early amputation to save life Amputation in the piesence of infection is 
particularly hazardous, as infection of the stump is likely to occur, to 
be followed by general sepsis or death One case exemplifies this point 
(case 1) Postoperative accidents, such as pulmonary embolism, cardiac 
failure and hemorrhage, are other modes of termination (cases 6 and 2) 
Ganghonectomy ui one of the six cases was performed in another 

10 These cases represent the course of the disease before newer methods of 
treatment were instituted Our more recent experience leads us to believe that 
the prognosis as to duration of life can be considerably extended 
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hospital and was followed by a fatal inti a-abdommal hemonhage (case 
5) The reduction of postoperative death lies within easy reach Early 
diagnosis, energetic tieatment, careful follow^-up and contiol of the 
cases long after the symptoms of diminished circulation have disappeared 
decrease the necessity for amputation 

2 Into ctiir ent Disease, Accident and Suicide — In this group of 
twelve patients, ten died of nonvascular disease, one of suicide and one of 
accident Malignant neoplasms accounted foi five of the ten fatalities, 
the other causes being appendicitis erysipelas and pulmonary infections 
No special organic involvement or a paiticulai type of neoplasm can be 
associated with thrombo-angiitis obliteians With longer survival an 
increased incidence of such mtercurrent disease can be predicted 

One suicide occuired in this gioup (case 16) Thrombo-angntis 
obliteians is a chionic disease enduring for many years Until the 
patients come under treatment there is often constant pain, with sleep- 
less nights and forced letnement from economic usefulness It is not 
altogether stiange that psychic moibidity aiising fiom such a life 
prompts a few to end their suffeimg 

The last patient of these nine, a window cleanei, fell to death from 
a height (case 15) This particular occupation has an acknowledged 
hazard But, as will be shown later, peisons with thrombo-angntis oblit- 
erans frequently suftei vascular occlusions in various parts of the body 
Perhaps a thrombosis of a coronary or cerebral aitery precipitated the 
fall Unfortunately, the autopsy was incomplete in this case 

3 Asthenia and Cachexia — Six cases fall into this division Two 
patients had been operated on, but the stumps did not heal (cases 20 
and 21) During the long period of hospitalization, progiessive gan- 
grene of the stump, for which furthei surgical intervention was impos- 
sible, resulted in death In the other four patients severe pain, 
stubborn ulcerations and gangrene of the fingers with infection caused 
progiessive deterioration and death (cases 22, 23, 24 and 25) Addic- 
tion to morphine acquired during this peiiod was an additional factoi 
Unless the diagnosis is made early the arteiial closures become so 
extensive that the ulceiations grow in size, the gangrene spreads and 
the opeiative wounds do not heal Infection finds little resistance in 
nnpoveiished tissues, and death ensues from toxemia Although therapy 
has become moie effective in the past decade theie still occur instances 
of thrombo-angntis obliterans which fiist come under observation in an 
advanced stage Such cases, in spite of all therapeutic procedures in 
cooperative patients make steady unfavorable progress Until more 
effective remedies are discoveied these cases must be expected occa- 
sionally 
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4 Vasctda} Accidents and Sudden Death — Twenty-two of the forty- 
seven cases discussed here belong in this category A clinical diagnosis 
of coronary thrombosis was given in thiiteen (cases 31, 32, 34, 35, 36, 
38, 39, 40, 41, 42, 43, 46 and 47) , three patients had inti a-abdominal 
thromboses (cases 33, 44 and 45), and one died aftei a cerebio- 
vascular closure (case 37) The details of the clinical pictures and the 
basis for the diagnoses for some of these cases will be found in the 
clinical resumes and m the postmortem obseivations 

Five cases of sudden death were also included in this group (cases 
26, 27, 28, 29 and 30) Sudden death most often occurs in persons with 
heart disease (Reuter and Vibert^-) In apparently healthy persons 
coronary vasculai accidents account for the vast majority of sudden 
deaths (East and Bam and White ^^) The piobable mechanism of 
these deaths is the onset of ventricular fibi illation which so often follows 
acute obstruction of the coronary arteiies (Fulton and Smith ^°) 
Ceiebiovascular accidents usually cause a much slower death In a 
discussion of the cause of sudden death in patients suffering fiom periph- 
eral vasculai thromboses, an embolic cause of sudden death must be 
considered Pulmonary emboli must be extremely large to be quickly 
fatal When repeated embolization of the lungs occurs, death may 
ensue suddenly aftei a number of the branches of the pulmonary arteiy 
have been plugged In such cases there is a clear history of the earlier 
embolic episodes, as in case 6 In the latter instance the origin of the 
emboli was a mural thrombus in the ventiicle on the right side following 
an occlusion of the coionary arteiies and myocaidial infaiction Cere- 
bial emboli from thiombi in the extremities can occur only m the 
piesence of a congenital cardiac defect Otherwise, m the absence of 
endocarditis, mural thiombi of the left ventiicle situated ovei myo- 
cardial infaicts would have to be postulated to explain such emboli 
With all these points clearly in mind, we believe that it is a safe 
assumption that the five sudden deaths resulted from vascular accidents 
in the coionary vasculai system or possibly in the cerebial aiteiies 
Unfoitunately, autopsies weie not obtained in any of the fi-ve cases 

Disease and Thiombosis of the Coronal y Arteiies A diagnosis 
dining life of disease or thiombosis of the coronaiy aiteries was made 

11 Reuter, F Wien klin Wchnschr 39 1086, 1926 

12 A^ibert, C Ann d’hyg pub et de med leg 33 193, 1895 

13 East, C F T , and Bam, V W C Recent Advances in Cardiolog}', Phila- 
delphia, P Blakiston's Son & Co , 1929 

14 White, P D Heart Disease, New York, The Macmillan Company, 1930 

15 Fulton, FT Am Heart J 1 138, 1925 

16 Smith, F M Ligation of Coronary Arteries, Arch Int Med 22 8 ('Tulv'l 
1918 
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in thirteen cases (31, 32, 34, 35, 36, 38, 39, 40, 41, 42, 43, 46 and 47), 
or the patients died of what was considered a sudden coronary occlusion 
Autopsies were obtained in only five cases (31, 42, 43, 46 and 47) 
Case 43 has already been reported by Buerger In this patient a 
thrombotic occlusion of the left anterior descending coronal y artery was 
found, the micioscopic examination established the presence of arterio- 
sclerosis It must be noted that this patient died at the age of 24, a 
rather unusual age for ai teriosclerotic disease and thrombosis of the 
coronary arteries Occurimg with thrombo-angiitis obliterans, it takes 
on added significance, raising the question of the association of the two 
conditions This will be discussed later In the second patient (case 
31) artei losclosis of the coronary arteries was present without throm- 
bosis The third case (42) showed myocardial infarction, both old and 
recent, with calcification of the left anterior descending artery, occlusion 
of the left circumflex artery and arteriosclerosis of the right coronary 
artery A thrombotic occlusion (old and fresh) of the left anterior 
descending cofonary artery with myocardial infaction was revealed in 
case 46, and occlusion of the left anterior descending coronary artery 
and an old occlusion of a large branch of the right coronary artery in 
case 47 Notwithstanding the absence of postmortem studies in the 
other eight cases the diagnosis was reasonably certain In the past 
fifteen yeais the picture of disease and thrombosis of the coronary 
arteries has become clinically lecognizable with ease and certainty If 
the five cases of sudden death are added to the thirteen here, this group 
represents 38 5 per cent of all the fatal cases 

Other observers have commented on the occurrence of involve- 
ments of the coronary arteries in cases of thrombo-angiitis obliterans 
Lemann,^® reviewing the literature until 1928, found three cases which 
had come to autopsy and added one Jager,^” m a recent comprehensive 
article concerned with the pathologic process of thrombo-angiitis obliter- 
ans, described two patients who weie found to have thrombosis of the 
coionary artei les at autopsy He cited an additional case reported by 
Durck, of a man of 40, who died with the manifestations of heart dis- 
ease At postmortem examination the coronary arteries were extremely 
nan owed The lesions considered specific by Buerger were not seen 
Allen and Willius reported seven instances, clinically diagnosed, of 
disease of the coronary arteries in a series of two hundred and twenty- 
five living patients with thrombo-angiitis obliterans at the Mayo Clinic 

17 Buerger, L The Circulatory Disturbances of the Extremities, Philadel- 
phia, W B Saunders Company, 1924 

18 Lemann, II Am J M Sc 176 807, 1928 

19 Jager, Ernst Virchows Arch f path Anat 284 526, 1932 

20 Allen, E V , and Willius, F A Ann Int Med 3 35, 1929 
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They concluded that “incidence of disease of the coionary arteries in 
thiombo-angiitis obliterans as it occurs in our experience is probably not 
materially greater than the association with other diseases in the same 
age group” Samuels and Feinberg-^ examined fifty patients by all 
available methods foi eMdence of disease of the coionary aiteiies and 
found that “five of these cases (10 per cent) showed definite clinical or 
electi ocai diogi aphic evidence of myocaidial damage, presumably due 
to coronary aitery lesions ” Barron and Linenthal,““ diiectmg attention 
to the geneial distiibution of the disease in the body, suggested that 
disease of the coronal y arteiy in the youngei age groups, m the absence 
of peripheral vascular disease, might well be due to tin ombo-angiitis 
obliterans of these vessels As yet theie is no clear evidence for this 
view, with which we find it difficult to agiee 

Although from a study of otii cases no definite stand can be taken 
about the incidence of disease of the coronal y arteries m living patients 
with thrombo-angntis obliterans, it is stiikingly evident that a relatively 
large numbei of patients (38 3 per cent) died as a result of what can 
be suspected clinically to be disease of the coronaiy arteiies We aie 
not acquainted with any reliable statistics giving the incidence of death 
f 10111 coronary thrombosis in the geneial population in the age groups 
lepiesented by our patients, but it is our impression that it is much less 
than 38 per cent It is tiue that the typical lesions of tin ombo-angiitis 
obliterans have nevei been definitely identified m the coronary vessels 
Nevertheless the greater incidence of sclerosis and thromboses m the 
coionary arteries of patients with thrombo-angntis obhteians is a sig- 
nificant occurrence, suggesting that there is more than a casual associa- 
tion between these two conditions 

Cerebral Thrombosis One patient (case 37) died at the age of 44, 
after an attack of hemiplegia He had had thrombo-angntis obhteians 
foi five years, dm mg which time one leg had been amputated No 
autopsy was permitted, so the vessels could not be examined The 
occuiience of ceiebial manifestations in thrombo-angntis obhteians 
has been recorded in the literature Btiergei described one patient 
(our case 43) who died manifesting ceiebial symptoms, to which 
Bueiger drew special attention Autopsy on two of oui patients (cases 
46 and 47), who died of occlusion of the coronary arteries, revealed 
some ceiebral vascular closures also Bairon and Linenthal described 
two cases of clinical thiombo-angiitis obhteians in which hemiplegia 

21 Samuels, S , and Feinberg, S Am Heart J 6 255, 1930 

22 Barron, M E , and Einentlial, H Tlirombo-Angiitis Obliterans Arch 
Surg 19 735 (Oct) 1929 
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appeared in the absence of hypertension or syphilis In addition they 
cited Cserna’s case in which there was ceiebial involvement Oppel 
published an instance of thrombo-angiitis obliterans with thrombosis of 
the veitebial artery and hemiplegia (quoted by Bairon and Lmenthal) 
In a recent papei Bauei and Recht described a patient who had suf- 
fered repeated cerebrovascular occlusions, and they quoted an additional 
case reported by Fiiedmann In this last case histologic examination of 
the cerebral vessels seemed to confix m the diagnosis of thrombo-angiitis 
obhteians Two of Jagei’s patients had cerebral symptoms, and after 
death examination levealed multiple cerebral vascular closures In the 
experience of one of us (S S ) cerebral involvement clinically has been 
obser\ed m many patients There has been no opportunit)'^ to obtain 
pathologic confirmation m any of these cases In the absence of syphilis, 
hypertension, intracranial tumois, hemoi i hagic disease oi multiple 
sclerosis, mtracerehi al vascular occlusion in i datively young persons 
who have occlusive peripheial vascular disease is of considerable sig- 
nificance In addition to emphasizing the fiequency of thiombotic 
piocesses (whatevei their underlying pathologic process) m thiombo- 
angiitis obliterans, such occuirences raise the question of then relation- 
ship to the undei lying disease 

Intra- Abdominal Thiomboses Thiee cases (33, 44 and 45) aie 
listed undei this heading Two of these have been reported by 
Bueiger The lemammg case (33) is of interest because of the 
natuie of the micioscopic lesions m the thrombosed celiac and mesenteiic 
aiteiies This will be discussed later 

Aside fiom the two cases reported by Bueigei (oui cases 44 and 
45), we have found only a few other reports of cases of mti a-abdommal 
vasculai occlusion in patients with thrombo-angiitis obliterans Meyer 
lepoited the case of a man wdio had thrombo-angiitis obhteians fiom the 
age of 31 Both legs weie amputated, the fiist one at 35 and the other 
at 37 At the age of 47 an illness characterized by distention, abdominal 
cramps, vomiting and visible peristalsis suggested the diagnosis of occlu- 
sion of the mesenteric artery, which was confirmed at opeiation Among 
the cases discussed by Jager which came to autopsy, five showed 
thrombotic occlusion of intra-abdommal vessels the supeiior and 
inferior mesenteric, lenal, spermatic and suprarenal aiteiies and the 
abdominal aorta Our third case (33) is an addition to the recoid 

23 Cserna, S Wien Arch f mn Med 12 213, 1926 

24 Oppel, V A , quoted by Barron and Lmenthal 

25 Bauer, J, and Recht, G Wien Arch f inn Med 23 11, 1932 

26 Mever, J Intermittent Claudication (Thrombo- Angiitis Obliterans) 
Involving the Intestinal Tract, JAMA 83 1414 (Nov 1) 1924 
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Mesentenc thiombosis with Ortner’s syndrome was suspected m two 
other cases (23 and 30), but because of the natuie of the deaths they 
weie included m other groups In case 23 autopsy confirmed this clinical 
impiession It is well to keep in mind that colicky pains, spasmodic 
abdominal discomfort, intiactable intestinal gaseousness, dial rhea or 
bloody stools in a peison with peripheial vasculai disease may indicate 
mesenteric aiterial thrombosis Here again the association between vis- 
ceral thromboses and thrombo-angntis obliteians is so striking that it is 
difficult to accept an accidental relationship 

COMMENT ON CASES IN GROUP 4 

This gioup IS comprised of patients with tin ombo-angntis obliterans 
who succumbed to vascular accidents m parts of the body apart f i om the 
extiemities These observations assume greater inteiest when it is 
lecognized that this gioup of patients lepresents almost 50 pei cent 
of all the cases pieseiited heie (twenty -two of foity-seven) If the 
twelve patients who died of intei current nonvasculai disease, accident 
01 suicide aie omitted, this gioup repiesents 63 per cent of the total 
(twenty-two of thirty-five) 

Of interest and impoitance is the natuie of the occlusive vasculai 
process occuiimg in the heart,-' brain or intestinal and othei intia- 
abdominal vessels 

It IS difficult to believe that thrombo-angntis obliterans is restiicted 
solely to the vessels of the extremities Jagei,^“ who studied the pioblem 
intensively, seemed convinced that the pathologic changes which he con- 
sideied chai actei istic of the disease are the same foi the different sizes 
of arteries in all paits of the body, and he concluded that thrombo- 
angntis obliterans occurs in the most widespread and different sites 
Those paiticularly interested in the pathologic piocess of thiombo- 
angiitis obliteians aie leferied to the thorough and illuminating contiibu- 
tions of Jagei Others have suggested the likelihood of involvement of 
othei paits (Baiion and Linenthal,-- Lemann,^® Bueiger’'^) None of 
the last-mentioned woikeis could confirm their impressions with patho- 
logic evidence However, when in a series of forty-seven patients it 
can be demonstrated that twenty-two succumbed to visceral vascular 

27 Perla m a recent letter to one of us (S H A), m which he commented 
on his case of thrombo-angntis obliterans of the coronary arteries, said m part 
“The case was a bona fide instance of thrombo-angntis obliterans The coronary 
arteries were severely involved m apparently a mixed process There was arterio- 
sclerosis of the coronary vessels with a recent thrombotic occlusion In \iew of 
the fact that the lower portion of the aorta and iliac arteries showed evidence of 
thrombo-angntis obliterans, it was considered that the thrombosis of the coronary 
arteries was part of the same process I could not find, however, evidence of acute 
inflammation of the coronary arteries” 
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accidents, it becomes evident that an inconsistency exists The solution 
piobably lies in the pathologic criteria Only in the acute stages of the 
disease, when all the arterial layers are involved in an inflammatory 
piocess, infiltrated with polymorphonuclear leukocytes, with purulent 
foci and giant cells in the lumen and red thiombus masses occluding 
the vessels, can the pathologic diagnosis of thi ombo-angntis obliterans 
be made with certainty Buerger stated that such lesions aie uncommon 
in the deep vessels of the extremities Perla did not see one such 
lesion in any of the extiemities he examined One of us (S S ), in 
the examination of a laige number of amputated extremities, did not 
find these typical lesions in the deep vessels How unlikely it is, then, 
that one should find such lesions in the inaccessible and relatively less 
fiequently involved internal organs Concerning the pathologic picture 
in the later end stages, the diffeientiation between tin ombo-angntis 
obliteians and arterioscleiosis m the vessels of the extremities can be 
made The involvement of veins and neives and the relatively spared 
internal elastic layer m the artery seive to denote the tin ombo-angiitic 
process In the other oigans of the body, howevei, the end-stage of 
many types of occlusive vasculai disease with thiomboses presents the 
same pathologic pictuie Special featuies which might be of aid in 
defining the oiigin of the piocess cannot be identified The problem of 
coirectly interpreting these pathologic pictures is made more difficult 
by reason of the fact that aiteries involved in any process become the 
site of marked secondaiy arteriosclerotic changes which often over- 
shadow and obscure the characteristic lesions of other diseases The 
general inaccessibility of these internal organs, the infrequent oppor- 
tunity one has to examine such organs early in the disease, the paucity 
of postmortem mateiial and, until recently, the lack of attention to the 
pioblem are all factors which have retarded a satisfactoiy solution of 
the difficulty 

It IS not the puipose of this article to discuss the detailed pathologic 
aspects of this pioblem We merely wish to point out that as patho- 
logic studies fail to establish the diagnosis of thrombo-angntis obliteians 
in the vessels of the thoracic or abdominal organs, the acceptance of the 
occurrence of the disease m these oigans foi the time being must be 
presumptive Therefore, great significance must be attached to the fact 
that a considerable peicentage of patients with thrombo-angntis obliter- 
ans die of vascular accidents If these visceial vascular processes are 
not identical in natuie with that in the peripheral vessels, it may be that 
the presence of thrombo-angntis obliterans in a peison predisposes him 

28 Perla, D Surg , Gynec & Obst 41 21, 1925 
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to abnormal thrombotic tendencies or to early degenerative general 
vascular changes, or that these patients possess a constitutional inferiority 
of the entile vascular system which displays local variations We wish 
to emphasize that \\ e cannot establish from the pathologic data a\ ailable 
the nature of the exti apedal vascular processes, nor do we wish to record 
a dogmatic opinion It is our purpose to point out that such vascular 
thromboses and occlusions occur in many vessels of the body in cases of 
thiombo-angntis obliterans Until the pathologic process of vascular 
disease in geneial receives more detailed description and classification 
the diagnosis of thrombo-angiitis obhteians m the visceral vessels will 
be a clinical achievement moie often than a pathologic one 

OBSERVATIONS AT AUTOPSY 

Published reports of pathologic data on cases of thiombo-angiitis 
obhteians coming to autopsy are laie We found only those of Bueiger 
(three cases), Peila (one), Lemanii (one), Dean Lewis*'’ (one) and 
Jager (seven) 

Nineteen of oui cases, which include the thiee desciibed by Buerger, 
came to autopsy Summaries of the relevant obseivations are appended 
to the clinical abstracts 

In eleven (58 per cent) of the nineteen vascular thromboses occurred 
111 arteries othei than those of the extiemities They were situated 
laiiously 111 the hepatic artery (case 31), coronaiy arteries (cases 6. 33, 
42, 43, 46 and 47), celiac axis (cases 33 and 45 ), mesenteric \ essels (cases 
23, 33, and 45), abdominal aoita (cases 6, 20 and 44) and cerebral 
vessels (cases 46 and 47) The last case (15) cannot be classified as 
examination was incomplete No attempt will be made here to discuss 
the more detailed microscopic pathologic changes in the visceial and 
coronary vessels which were tin ombotically occluded In all the aiteries 
examined m all the cases except one (33) the lesions of arteriosclerosis 
weie readily identified The inclusive natuie of such a pathologic pic- 
ture has already been commented on In case 33 there was thrombosis 
of the celiac axis, the superior and inferior mesenteric arteries and the 
right coronary artery The lesions in the celiac axis, particularly, sug- 
gested thrombo-angiitis obliterans An organized thrombus with occlu- 
sion and recanalization, minimal changes in the internal elastic layer 
and the piesence of cells containing iron pigment were the features 
which warranted the opinion that the usual type of arteriosclerotic 
change did not exist here Similar microscopic pictures were seen in 

29 Lewis, Dean Spontaneous Gangrene of the Extremities, Arch Sur°- 15 
613 (Oct) 1927 
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sections of the supeiioi and inferior mesenteric aiteiies These lesem- 
bled those described by Buerger as the “old type” of lesion m the 
extremities 

Examination of the autopsy material revealed the presence of the 
accepted aiteiial lesions considered pathognomonic of thiombo-angntis 
obhteians in the extiemities in only one (case 33) of the nineteen cases 
examined Nevertheless, the fact already emphasized, that thromboses 
occur in parts of the body other than the exti emities in cases of thrombo- 
angiitis obliterans was amply confirmed 

Lewis Conner^® recently pointed out that aiteiial thiomboses in the 
abdominal visceia are probably more common than is generally appre- 
ciated He suggested application of our knowledge of the events follow- 
ing a thrombosis of the coronary or cerebial arteries to the problem 
of the recognition of visceral vascular occlusion This admonition to 
consider the possibility of visceral aiterial thromboses applies par- 
ticulaily to patients with thrombo-angiitis obliterans, for, as has been 
shown, such thromboses are common and not infiequentl}'^ are the cause 
of the fatal termination in this disease 

SUMMARY 

1 The clinical and pathologic data of foity-seven patients who died 
of till ombo-angiitis obliterans aie presented 

2 The extremities involved, the number of amputations, the age of 
incidence and the duration of the disease are discussed 

3 The causes of death are classified in 4 groups (1) opeiative 
inteivention (7 cases) , (2) intercuirent disease, accidents and suicide 
(12 cases) , (3) asthenia and cachexia (6 cases), and (4) extraperiph- 
eral occlusive vasculai accidents and sudden death (22 cases) Each 
of these groups is discussed 

4 Paiticular attention is directed to the predominance of vascular 
occlusions m parts of the body other than the extiemities Cases with 
coronary thrombosis, mesenteric or ceiebral aiterial thromboses are 
giouped and discussed It is suggested that the occuirence of these 
phenomena in cases of thrombo-angntis obhteians is not merely coinci- 
dental and that theie exists some significant connection between the 
multiple visceral and cerebiovascular thiomboses and the clinically 
t 3 pical involvement of the vessels m the extremities 

5 The pathologic aspect of the problem of the existence of thrombo- 
angiitis obliterans in vessels other than those in the extiemities is briefly 
commented on 

30 Conner, Lewis A Am J M Sc 185 13, 1933 
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6 Nineteen cases bi ought to autopsy aie consideied Analysis con- 
films the frequent occuirence of visceial and caidiac aiteiial thiomboses 
in thiomho-angiitis ohliteians 

CONCLUSION 

A consideiation of the causes of death of foity-seven patients who 
had thiomho-angiitis ohliteians leveals that such patients often die as 
a lesult of thiomboses in the aiteiies of the heart, brain and intestines 
The frequency of such vasculai involvement foices the conclusion that 
a bona fide association doubtless exists and that the thiombotic occlusive 
manifestations outside the extiemities aie i elated to the established 
disease process 

1126 Park Avenue 



INFECTION AND THE TOLERANCE FOR DEXTROSE 


E G SCHMIDT, PhD 
J S EASTLAND, MD 

AND 

J H BURNS, MD 

BALTIMORE 

Diseases of a cutaneous natuie have long been associated with the 
ingestion of caibohydrate The intioduction of modem biochemical and 
micro-analytic methods has made possible the investigation of this inter- 
esting lelationship In addition the field has been enlaiged, and now 
includes a vaiiety of infections othei than those essentially dermatologic 
The problem, however, as a scientific study is complicated by the many 
factois involved in carbohydrate metabolism, each of which takes part 
m the tiansfoimations which the caibohydiate molecule undeigoes m 
the animal body 

The first studies in this field weie devoted pnmaiily to an examina- 
tion of the values foi blood sugai aftei fasting m the more common 
deimatoses acne vulgaris, seborrhea, psoiiasis, sycosis, eczema, deima- 
titis losacea, uiticaiia, etc Earlier mvestigatois (Schwaitz, Highman 
and Malinkin,^ Levin and Kahn,- McGlasson,® Haldm-Davis and 
Wills’*) reported hypeiglycemia with fasting m most of the aforemen- 
tioned conditions The moie lecent studies, howevei, have not con- 
firmed the earlier woik Thus, m 462 dermatologic cases Loeb ° noted 
hypeiglycemia only in deimatitis interti igmosa Mullei,® Strieker and 
his co-woikers " and Matsumoto ® also found no pathologic increase in 
blood sugar if glycosuiia was absent Concerning then 875 dermato- 

From the Departments of Biological Chemistry and Medicine of the University 
of Maryland School of Medicine and of the Mercy Hospital 
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4 Haldm-Davis, H , and Wills, L Bnt J Dermat 37 364, 1925 
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logic cases Schamberg and Brown ® stated that “we have been impressed 
with the comparatively small part which hyperglycemia plays m the 
production of cutaneous diseases” In a lecent study of 600 patients 
with the more common diseases of the skin Fisher repoited that hyper- 
glycemia was raiely found, and that the deteimmation of the blood 
sugar possessed no diagnostic value Tauber (511 cases) also 
reported no hyperglycemia in common disoiders of the skin In fact, 
in a series of 189 cases of f ui unculosis he administered dextrose mtia- 
venously for six successive days, and stated that the results weie 
lemaikably good Fiom this biief lesume it seems obvious that the 
\alue for blood sugar obtained after fasting in deimatologic conditions 
possesses no diagnostic value, since significant variations from normal 
apparently raiely occur 

The tolerance for dextrose has been studied in connection with 
cutaneous disorders with results somewhat more conflicting Mannino 
utilized the test m 52 dermatologic cases, and observed no appreciable 
alteration m carbohydrate metabolism In a similar study Greenbaum 
repoited “If there is any connection between the intake of sugar 
and pustular acne or if intolerance for sugar is part of an endociine 
imbalance generally lielieved to be present m acne, this test does not 
appear to be of help m detecting it ” In 1932 Rost,^‘‘ utilizing a technic 
for the injection of dextrose intravenously for the tolerance test, found 
no pathoglycemic curves in the common cutaneous disorders On the 
othei hand Ayres found that the values for blood sugar at various 
periods of the dextrose tolerance test were higher than the average values 
at coi responding periods in clinically normal people Confirmatory evi- 
dence has been presented by Usher,^® Norducci,^’ Fugmo and Camp- 
bell^'’ Someifoid”'’ recently studied the blood sugar at forty-five and 

9 Schamberg, J F„ and Brown, H Chemistry of the Blood in Diseases of 
the Skin, Arch Dermat & Syph 21 1 (Jan ) 1930 

10 Fisher, J E Blood Sugar Findings m the More Common Diseases of the 
Skin, Arch Dermat & Syph 26 970 (Dec ) 1932 

11 Tauber, E B Hyperglycemia m Diseases of the Skin, Arch Dermat & 
Syph 27 198 (Feb ) 1933 

12 Mannino, L Gior ital dx dermat e sif 69 1603, 1928 

13 Greenbaum, S S Tolerance for Glucose in Acne Vulgaris, Arch Dermat 
& Syph 23 1064 (June) 1931 

14 Rost, G A Brit J Dermat 44 57, 1932 

15 Ayres, S Jr Glucose Tolerance Reactions in Eczema, Arch Dermat & 
Syph 11 623 (May) 1925 

16 Usher, B Relation of Carbohydrate Metabolism to Eczema, Arch 
Dermat & Syph 18 423 (Sept) 1928 

17 Norducci, F Gior ital di dermat e sif 70 857, 1929 

18 Fugmo, S Acta dermat 16 567, 1930 

19 Campbell, G G Brit J Dermat 43 297, 1931 

20 Somerford, A R Brit J Dermat 44 476, 1932, Lancet 2 1140, 1929 
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ninety minute inteivals aftei the oial ingestion of 50 Gm of dextiose 
He concluded that 

In cases of eczema an increased amount of sugar in the blood occurred in those 
types in which there was an exudation present in the epidermis, either intracellular 
or extracellular, but as soon as the exudation was allowed to escape externally (in 
which case it could be assumed that it was being absorbed into the blood stream 
in smaller amounts than before) there was a decrease in the blood-sugar content 
It seems probable from this finding, therefore, that the hyperglycemia is due to 
the absorption of epidermal products present in the cutaneous exudate 

It seems apparent, therefoie, that the majority of investigators feel that 
a disturbance m the carbohydrate mechanism is piesent, as shown m 
most deimatologic diseases by the dextiose tolerance test 

In regal d to acute febrile conditions. Sick lepoited noimal blood 
sugar after fasting but the blood sugar curve was still abnormally high 
four hours after the ingestion of dextrose Howevei, Andiesen and 
Schmidt -- studied cases of malaria, typhoid fevei , measles, erysipelas 
seal let fever and dysentery during the febiile peiiod and found, with 
the exception of measles highei rathei than noimal values foi the blood 
sugar after fasting Geiger and Welland -’■* noticed the development 
of hypeigl>cemia with fasting during the period of rising tempeiature 
m febiile conditions with a subsequent leturn to normal as the tempera- 
ture fell Williams and Dick found glycosuria piesent in 41 pei cent 
of then patients with acute infectious diseases (scarlet fever, diphtheiia, 
pneumonia, influenza) This glycosuria was accompanied by a lowered 
carbohydiate tolerance, as shown by dextrose tolerance curves both in 
acute infectious conditions and in experimental infections produced in 
animals They found that the administiation of insulin improves the 
animars tolerance for dextrose and suggested that in infectious and 
febrile diseases there is often an injury to the islets of Langerhans with 
a consequent lowered production of insulin Labbe and Bouhn 
observed glycosuria and disturbed caibohydrate toleiance in most of 
their febiile patients Sweeney and Lackey peifoimed daily dextiose 
tolerance tests on labbits m which toxemias had been pioduced with 
diphtheiia toxin Under these experimental conditions toxic rabbits 

21 Sick, W Munchen med Wchnschr 78 609, 1931 

22 Andresen J, and Schmidt, S Klin Wchnschr G 213, 1927 

23 Geiger, E Kim Wchnschr 4 1265, 1925 

24 Weiland, H Munchen med Wchnschr 6G 706, 1913 

25 Williams, J L, and Dick, G F Decreased Dextrose Tolerance in Acute 
Infectious Diseases, Arch Int Med 50 - 801 (Dec ) 1932 

26 Labbe, M , and Boulin, R, Bull et mem Soc med d hop de Pans 
3 1358, 1925 

27 Sweenev, J S , and Lacke 3 ’', R W Effect of Toxemia on Tolerance for 
Dextrose, Arch Int Med it 257 (Feb) 1928 



SCHMIDT ET AL— INFECTION AND SUGAR TOLERANCE 469 


levealed a distinct decrease in toleiance for dextiose which became moie 
maiked as the toxemia progiessed They felt this to be suggestive of 
a quantitative relationship between toxemia and tolerance (oi rathei 
mtoleiance) for dextrose In a second senes of labbits ill from diph- 
theria toxin 2 units of insulin was injected daily, fifteen minutes after the 
administration of dextiose The toxemia appealed to have little if any 
effect on the injected insulin On the basis of these experiments 
Sweenejf suggested that the effect of toxemia is to suppress the endo- 
genous production of insulin Downie and his associates and 
Schwentkei and Noll lejooited similar findings On the other hand 
Lawrence and Buckley found that the action of insulin is inhibited 
b}' diphtheria toxin in rabbits, and at necropsy noted signs of ovei ac- 
tivity in the thyroid and suprarenal glands 

Along somewhat similar lines Delafield lecently studied the effect 
on rabbits of suspensions of dead organisms injected intiavenously He 
found that gram-positive organisms produced no obvious illness and no 
significant changes in the blood sugar or in the blood inorganic phos- 
phorus However, eight of twelve gi am -negative organisms produced 
illness with hypei glycemia and low inorganic phosphoius Delafield 
concluded that it could not be asserted that the hypei glycemic substance 
IS identical in the different bacteria tested, but that such a substance 
exists was suggested by the work of Menten and King,®“ who found 

that the piecipitate obtained from a filtiate of a culture of Bacillus 

aertrycke produced a rise in blood sugai and toxic effects When pus 
from metastatic abscesses oi blood serum taken fiom persons with dia- 
betes mellitus complicated by infection is mixed with insulin, its ability 
to lower the blood sugar is deci eased Buckley noted that the sub- 
cutaneous injection of tiypsin tends to inhibit the action of insulin in 
rabbits 

Kohn and Felshin found that in children with lobai pneumonia 
a dextiose toleiance test within two days aftei the ciisis gave a diabetic- 
hke blood sugar cuive When the test was peifoimed more than two 

28 Sweeney, J S Effect of Toxemia on Tolerance for Dextrose and on the 

Action of Insulin, Arch Int Med 41 420 (March) 1928 

29 Downie, E M J Australia 1 813, 1930 Long, M , and Downie, E 

1 647, 1932 

30 Schwentker, F F , and Noll, W W Bull Johns Hopkins Hosp 46 259 
1930 

31 Lawrence, R D , and Buckley, O B Brit J Exper Path 8 58, 1927 

32 Delafield, ME J Path & Bact 35 53, 1932 

33 Menten, M L, and King, C G J Infect Dis 46 275, 1930 

34 Depisch, F, and Hasenorl, R Ztschr f d ges exper Med S8 110, 1927 

35 Buckley, O B Brit J Exper Path 12 13, 1931 

36 Kohn, J L , and Felshin, G Dextrose Tolerance Tests Following Lobar 
Pneumonia m Children, Am J Dis Child 39 512 (March) 1930 
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days after the cusis the blood sugai cuive was normal Acetone was 
present during the febrile period But, according to Binger, Hastings, 
Sendroy. Mailt and Morgan,®" true ketosis does not exist during lobar 
pneumonia Recently Geoffrey, Mitchell and Kolb observed an inter- 
esting relationship between the acid-base balance of the blood and toler- 
ance for dextiose They found that the ingestion of large amounts of 
ammonium chloiide by young healthy male adults reduced the alkaline 
leserve of the plasma to a diabetic level — 32 per cent by volume When 
dextrose was given at this stage a definite intolerance was exhibited, 
shovn by abnoimally high blood sugar curves with a tardy return to 
normal but no glycosuria Sodium bicarbonate produced little variation 
in the acid-base equilibrium or in the blood sugar response to the inges- 
tion of dextiose Mitchell and Kolb pointed out that the acidosis of 
diabetes may have a contributor}’' effect on the changes in carbohydrate 
metabolism as encounteied in this disease 

In a field less extensively studied, namely, the influence of pyogenic 
oiganisms on the caibohydrate metabolism, Picard obseived hypergly- 
cemia aftei fasting, but no glycosmia, in patients with multiple cai- 
buncles, fui uncles or abscesses of various types Nissle,'*® howevei, 
found that the blood sugar values of patients with staphylococcic and 
streptococcic infections with extensive inflammation (carbuncles, fuiun- 
cles, abscesses, erysipelas) were always noimal Seitz studied sixteen 
streptococcic and forty staphylococcic infections, eighteen of the lattei 
being due to caibuncles, besides several peimephiitic abscesses In no 
case was ahmentaiy hyperglycemia present On the administration of 
dextiose, however, the patients with carbuncles and peimephiitic 
abscesses and, to a lesser degiee, the lemaining patients with staphv- 
lococcic infections showed a definite intolerance On the other hand 
the cases of sti eptococcic infection levealed no impaiiment of caibohy- 
diate metabolism — the blood sugai remaining within noimal limits after 
the ingestion of dextrose 

Recently Evans, Riding and Glynn obseived that oral sepsis m 
nondiabetic patients was usually associated with a slight but definite 
diminution m toleiance for carbohydiate, which improved on subsequent 

37 Binger, Hastings, Sendroj^ Mailt and Morgan J Exper Med 45 1081, 
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38 Geoffrey, T , Mitchell, D M , and Kolb, L C Biochem J 27 1253, 
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dental treatment Holcomb pieviously repoited 2 cases with similai 
lesults, m one of which there were infected teeth, and in the othei 
sinusitis 

Within the last geneiation the specific lelationship between focal 
infection and aithritis has become well established in medical science 
Pembeiton and his co-woikeis discoveied that ^'60 pei cent of all 
arthiitic patients piesent delay m the late at which sugar leaves the 
blood after ingestion by mouth, and that this delay glows less or disap- 
peais after recovery from aithiitis, whatevei the treatment employed ” 
Comparable lesults have been reported by Holsti,^° Fletcher,'^'’ War- 
field, Hench'*® and Olmsted and Gay That iioimal blood sugar 
cLiives aie obtained on removal of the foci of infection oi on lecovery 
fiom arthritis has been confiimed by Pi ingle and Millei Conti a- 

dictoiy evidence has been obtained by Schackle and Copeman recently 
They stated “In several patients with true iheumatoid aithiitis multiple 
cLiives weie plotted at varying stages, the lattei cuives often being 
aftei seveial months’ treatment with insulin (m most instances with 
gieat benefit clinically) but in no case was any lemarkable impiovemeut 
m the glucose toleiance cuive obseived Indeed, subsequent curves 
generally showed striking i esemblances to those pi eviously obtained ” 

It seems appaient, fiom this brief suivey, that a general lelationship 
exists between infection, whether dermatologic, febiile, inflammatory, 
dental or arthritic, and the carbohydiate toleiance test Wheieas most 
woikers lepoit noimal blood sugai values after fasting m these condi- 
tions, they almost uniformly agree that some abnormal factor concerning 
the carboh}'drate mechanism is piesent m view^ of the fact that patho- 
glycemic blood sugai curves are usually obtained on the ingestion of 
dextrose 

The effect of cellulocutaneous infections on the late of removal 
of sugar from the blood aftei the ingestion of dextrose has been studied 
but little Therefoie the piesent woik w^as devoted primarily to an 
investigation of the effect of pyogenic infections of cellular and connec- 
tive tissues, geneially included undei the term cellulitis, on the dextrose 
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toleiance test In addition a small group of systemic diseases with 
febiile manifestations and a considerable number of aithntic and rheu- 
matoid conditions have been studied 

PROCEDURE AND METHODS 

The usual methods, technic and precautions were observed The quantity of 
dextrose used for a dextrose tolerance test varies both in this countrv and on the 
continent We used 1 5 Gm of pure dextrose per kilogram of bodv weight m 
about 300 cc of water to which ice and the juice of a lemon were added This 
iairly tasty drink was given in the morning after a twelve hour fast Nausea 
was rarely observed The patients were instructed to refrain from smoking dur- 
ing the course of me test This precaution was taken m view of the fact that 
Lundberg and Thysehus-Lundberg discovered that the blood sugar values rise 
on the consumption of tobacco, owing, they contend, to the fact that the nicotine 
stimulates the production of epinephrine 

A specimen of blood ( from 5 to 6 cc ) was taken after fasting by venipuncture 
just prior to the ingestion of dextrose and transferred to a small jar containing 
10 mg of dry, finely powdered sodium oxalate Similar samples of blood were 
taken at one hour, two hour and three hour intervals following the administration of 
the dextrose At the same time specimens of urine were collected Each specimen 
of blood was precipitated immediately by the Folm-Wu method as modified by 
Haden The blood sugar was determined by the Benedict method and the 
blood urea by direct nesslerization as modified by Looney Every precaution 
was taken to insure accuracy of results Bacteriologic work was not performed m 
a number of cases because the patients entered the hospital with the infected area 
open and draining The data are given m tables 1, 2 and 3 

RESULTS 

Seventy-thi ee cases have been studied during this investigation 36 
piesentmg localized pyogenic infections, 9 geneiahzed febrile conditions 
and 28 arthritis and iheumatism Eighteen of the cases of pyogenic 
infections, especially those with cellulitis, weie studied in duplicate 
Thus a tolerance test was performed during the course of the infection, 
usually at the early acute stage when there was piesent, as a rule, a 
definite elevation of temperature and again when the condition had 
cleaied up and the patient was leady to go home 

Any discussion of glycemic curves necessitates observations on sev- 
eial points the fasting level, the height to which the blood sugar rises 
after the administration of the dextrose, the capacity of the tissues and 

52 Lundberg, E, and Thysehus-Lundberg, S Acta med Scandmav (supp ) 
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the glycogenic organs to remove sugai fiom the blood, oi the speed 
with which the blood returns to the fasting level, and glycosiuia We 
have inteipieted our data on the basis of a normal lange of blood sugai 
levels after fasting of from SO to 120 mg per hundred cubic centimeters 
of blood In addition the blood sugar level should not use above from 
150 to 180 mg and should be back to the noimal level aftei fasting, oi 
slightly below, within two houis after the ingestion of dextiose Theie 
should be no glycosuiia at any time 

The data in table 1 indicate that pyogenic infections maikedly 
decrease the patient’s toleiance for dextiose or at least deciease the 
late at which sugar is removed from the blood stream Among the 36 
patients given dextiose tolerance tests when the infection was at the 
acute stage, 29 (72 pei cent) yielded distinctly abnoimal cuives Piac- 
tically all the patients with cellulitis gave diabetic-hke blood sugai 
cuives A few with abscesses oi subsiding infection yielded noimal 
curves As a rule, however, the blood sugar lose well above 180 mg pei 
hundred cubic centimeteis, fiequently as high as fiom 250 to 350 mg 
In addition the excess sugar was lemoved slowly fiom the blood 
stieam, even at the two hour peiiod it usually langed fiom 150 to 317 
mg Despite these high blood sugai values only 4 cases showed appie- 
ciable glycosuiia, which, incidentally, disappeaied when the test was 
repeated after the infection had subsided The dextiose thieshold, 
therefore, is geneially high during the course of an infection 

When the patient was ready to go home, aftei the infection had 
subsided and healing was practically complete, a second dextiose tolei- 
ance test gave blood sugar cuives almost mvanably within noimal 
limits with no concomitant glycosuiia In most cases the impiovement 
in caibohydiate tolerance was marked, as can be seen from table 1 
The most pathoglycemic cuives weie obtained in the types of stiep- 
tococcic and staphylococcic infections which aie geneially included m 
the teim cellulitis This was paiticulaily true in cases showing laige, 
inflamed, pustulai aieas with an accompanying use in tempeiatuie 
Howevei, an elevated temperatuie pei se does not necessaiily result 
111 abnormal blood sugar cuives (cases 30, 34, 35 and 36) , also high 
blood sugai cuives were fiequently obtained when the tempeiatuie was 
within noimal limits (cases 5, 10, 16. 22, 24, 25, 26 and 27) 

Seitz found that infections (pyogenic) pioduced by streptococcic 
oigamsms do not influence dextiose toleiance curves, although infections 
by staphylococcic oigamsms do Although the numbei of our cases 
111 which bacteiiologic examination was made is insufficient to permit 
definite conclusions to be drawn as to the specific effect of each gioup 
of organisms, the data suggest that the gi eater disturbance in cai- 
bohydrate metabolism is produced by the stieptococcic organisms This 
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disturbance in caibohydrate tolerance seems to be even gieatei, however, 
when the infection is due to a mixture of these two gioups of organisms 
We hope to stud} this phase of the problem more extensively 

The data m table 1 can best be summarized by averaging all the 
blood sugar values for each test inteival This has been done foi the 
tests pel formed both dining and after the infection, with the results 
shown in table 2 Fiom table 2 it can readily be seen that the average 
blood sugar cuive dining a pyogenic infection is highei and much moie 
prolonged than that given by the normal pei son In addition the avei age 
curve secured aftei the infection has subsided comes easily within noi- 
mal limits Hence the disturbance in carbohydi ate metabolism pi odnced 
by this t}pe of infection is only temporary 

While many workeis have reported high blood sugar values after 
fasting during infection, especially if the temperatuie is above normal. 


Table 2 — Average Blood Sngai Valves fot Each Test lufcival in Cases of 

Pyogenic Infections 



During Infection 

After Infection 


Number of 

Average 

Number of 

Average 


Determlna 

Blood Sugar, 

Determina 

Blood Sugar, 

Time 

tions 

Mg per 100 Cc 

tions 

Mg per 100 Co 

Fasting 

30 

1001 

16 

102 6 

1 hour 

36 

195 3 

10 

161 7 

2 hours 

30 

178 9 

10 

114 8 

3 hours 

30 

135 0 

10 

918 


we found, with few exceptions, normal values, and the aveiage of the 
36 blood sugai values after fasting was 106 1 mg The temperature 
of 25 of the 36 patients langed fiom 99 to 103 F when the hist test 
was made At this time their blood sugai after fasting aveiaged 1049 
mg per hundred cubic centimeters Eleven j^atients whose temperatures 
weie noimal (approximately 986 F ) at the time of the infection had 
an aveiage blood sugar value after fasting of 109 mg per hundred cubic 
centimeteis It seems obvious, theiefoie, that infection and elevated 
body tempeiature per se do not consistently result in a fasting hypei- 
gl}cemia 

The 9 cases of nonpyogemc febrile infections repoited in table 3 
yielded abnoimal blood sugar curves Case 43 (tertian malaria) showed 
a normal glycemic cuive when the test was lepeated after the patient 
had recoveied The blood sugar values aftei fasting weie normal 
till oughout 

Table 4 contains data on 28 patients with arthritis and rheumatoid 
conditions, 15 of whom (53 6 pei cent) gave high and piolonged blood 
sugar curves 





Table 3 — The Effect of Noiipyogcnic Fcbitlc Diseases on the Toletance foi Dextiose 
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8 6 99 0 111 200 160 93 Negative Acute rheumatic lever (exacerbation), infected teeth 

1010 111 177 121 100 Negative -Icute rheumatic fever, caries, pyorrhea alveolaris 

12 8 98 6 101 186 119 91 Negative Acute rheumatic fever 

9 0 98 5 100 136 118 91 Negative Acute rheumatic fever, chronic infected tonsils, sinusitis 

15 0 100 6 111 175 153 138 Negative Acute articular rheumatism, chronic prostatitis 
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Thus, while the aveiage blood sugar level during the coiuse of the 
dextiose toleiance tests did not use abo\e the maximum normal limit, 
although it did in indnidual cases, the aveiage blood sugar value 
at the two hour mteival was distinctl) above noimal (161 8 mg ) This 
abnoimahty in caibohydiate toleiance is in accordance with the findings 
of Pembeiton “ and other students of aithiitis The blood sugai values 
after fasting were normal, averaging 100 1 mg per bundled cubic centi- 
meteis Glycosuria (fiom tiaces to 4 plus) was noted in 8 cases dining 
the tests 

Fiom the fact that a patient usually shows a diabetic-hke i espouse 
of the blood sugar to the ingestion of dextiose, fiequently wnth glyco- 
suiia, dining an infection and a noimal response on lecoveiy, a diag- 
nosis of diabetes fiom data on dextiose toleiance should be made wnth 
considerable ciicinnspection until the influences of infection, if any, aie 
entiiely eliminated In addition definite conclusions can haidly be diawm 


Tahlh 5 — Aveiage Blood Sngai Values foi Each Test Inf aval m Cases of 

At tin tits 



Number of 

Average Blood Sugar, 

Time 

Determinations 

Mg per 100 Cc 

Pasting 

28 

100 1 

1 hour after dextrose 

28 

1791 

2 hours after dextrose 

28 

ICl 8 

1 hours after dextrose 

28 

120 3 


until confiimatory evidence is secuied fiom a second tolerance test 
performed aftei the patient has recoveied 

111 a study of the chemistry of the blood m diseases of the skin 
Schamberg and Biowm^ noted a tendency toward an inci eased concen- 
tration of nonprotein mtiogen, iiiea nitrogen and uric acid in eczema 
and generalized piuiitus As an incidental matter of niteiest w^e made 
determinations of niea nitrogen on the filtiates of a majority of the 
blood specimens aftei fasting Whether the infection was pyogenic, 
febiile 01 aithiitic, the values foi the blood urea nitrogen were well 
within normal limits, wnth but 3 exceptions, cases complicated by lobai 
pneumonia (case 18) toxic nephiitis (case 19) and glomerulai nephritis 
(case 38) 

COMMENT 

Fiom the data piesented in this article and those available m the 
cm lent literature, it can be stated definitely that infection, wdiether 
pyogenic, nonpyogenic febiile, arthiitic oi, m main cases, dermatologic, 
lesults in a definite distuibance m carboh}drate metabolism or at least 
111 the late at wdiich the sugai is removed from the blood stream The 
exact cause of this alteration m the carbolndrate mechanism oi the 
w'ai in wdiich this change is hi ought about is not definitely knowm It 
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seems obvious, however, that this type of hypeiglycemia is an associated 
phenomenon rather than an etiologic factor m the production of the 
infection In a lecent paper MacBiyde emphasized the occurrence of 
relative resistance to insulin m uncomplicated diabetes mellitus In 
addition he enumerated other types of lesistance to insulin, such as 
infection, destructive pancreatic disease, disorders of othei endocrine 
glands, hepatic disease, acidosis, coma, diseases of the skin and cardiac 
decompensation Himswoith expressed the belief that insulin is 
secreted by the panel eas in an inactive form which requires activation 
b}'- some unknown substance for which he tentatively proposed the name 
“insulin kinase” This activating substance, he concluded is pioduced 
in the liver 

Somerford noted a greatei abnoimahty m glycemia cuives m the 
types of eczema in which an exudation is present m the epideimis He 
concluded that the hyperglycemia is due to the absoiption of epideimal 
pioducts present in the cutaneous exudate Williams and Dick-® con- 
cluded that the islands of Langeihans aie mjuied in infectious and 
febrile diseases, resulting in a decreased production of insulin 
Sweeney also suggested that infectious toxemia suppresses the endo- 
genous production of insulin Downie concluded that the distuibed 
tolerance for dextrose may possibly arise from a disordered insulm- 
epinephrine balance, but more likely from a disturbance of the glycogenic 
function of the hvei and suppiession of the endogenous pioduc- 
tion of insulin As fai as aithiitis is concerned, Pemberton stated 
that this phenomenon is piimaiily mechanical, being due to a failure of 
the blood to reach ceitain tissues adequately, especially the muscles We 
have no new information to add to this interesting phase of the ques- 
tion except to point out that oui highest cuives weie generally obtained 
m the types of pyogenic infections usually included under cellulitis 

SUMMARY 

Seventy-three cases of infection ha\e been subjected to the dextiose 
tolerance test Among these weie 36 cases of pyogenic infections, of 
which 18 weie studied both during and after the infection, 9 of non- 
pyogenic febrile conditions and 28 of arthiitis and rheumatism 

Among the 36 patients with pyogenic infection 29, oi 72 pei cent, 
gave distinctly pathoglycennc cuives The highest curves were obtained 
m cellulitis, the blood sugai on seieial occasions using above 300 mg 
and usually lemammg elevated ovei three hours aftei the ingestion of 
dextrose Despite such high blood sugai values, fai above the generally 

58 MacBryde, C M Insulin Resistance in Diabetes Mellitus, Arch Int 
Med 52 932 (Dec ) 1933 

59 Himsworth, H P Lancet 2 935, 1932 
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accepted normal thieshold of 180 mg, glycosuria was present m but 4 
eases When the infection had disappeared and the patient was leady to 
"o home a second tolerance test almost invariably lesulted m a noimal 

o 

blood sugai cuive Any previous tendency toward glycosuiia had now 
disappeared 

Both streptococcic and staph 3 'lococcic oiganisms weie effective in 
pioducing distui bailees in the caibohydiate mechanism 

The 9 patients with nonpyogemc febiile conditions also 3 ielded 
abnormally prolonged blood sugai cuives 

Among 28 patients with arthritis and ilieuniatoid conditions 15, oi 
53 6 per cent, gave diabetic-hke blood sugai cuives 

The blood sugai values after fasting in pyogenic, iionpyogenic 
febnle and arthiitic conditions weie, with few exceptions, well within 
noimal limits 

With 3 exceptions, cases in which obvious lenal complications were 
piesent, the blood uiea nitiogen level was within noimal limits dining 
the vaiious infections 


CORRECTION 

rUKTHER OBSERVATIONS ON THE EFEECT OF DREGS OX INDUCED 
CARDIAC STANDSTILL EFFECT OF EPINEPHRINE AND 
RELATED COJIPOUNDS,” M H NATHANSON, AI D , 

ARCH INT MED 54 111 (JUL'i ) 191'} 

Tlie legend for figure 4 (page 118), beginning with the second sentence, should 
read B, C and D were taken after the intravenous injection of 0 2 mg of 
1 -epinephrine B shows a maximum rate of 100 with multiple rhythmic foci 
C was taken t\\ent\-five minutes after the injection 

In the legend for figure 7 the figure referred to m the last line is 4 rather 
than 8 
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The Science of Radiology Authorized by the American Congress of Radiology 
Edited by Otto Glassei Pp 450 Springfield, 111 Charles C Thomas, 
Publisher, 1933 

One of the duties of Bryon Hubbard Jackson as Chairman of the Committee 
on History and Education of the American Congress of Radiology was the editing 
of a book which would denote the outstanding features developed in the science 
of roentgenology from the time of Roentgen’s discovery to the period of the 
Congress Dr Jackson’s happy choice of editor was Otto Glasser, the director 
of the Radiation Research Department of the Cleveland Foundation The result 
IS a well edited and, considering its scope, a fairly comprehensive outline of the 
field It attempts to cover Charles C Thomas is the publisher, and the qualitj 
of design is up to his usual high standard 

The first two chapters of the book are by Otto Glasser and deal with the lives 
of Roentgen and of Pierre and Mane Curie and with the discoveries of the 
roentgen rays and radium Then follow chapters on physics, apparatus, recording 
mediums and screens, dosimetry, diagnosis and so on The list of contributors, 
in addition to the editor, includes the following William Evans, David Webster, 
E C Jerman, William Colhdge and E E Charlton, Arthur W Fuchs, J Camer 
Hudson, Percy Brown, Willis F Manges, Hans A Jarre, Ursus V Portmann, 
Gioacchino Failla and E H Quimby, Harry H Bowing and Robert Fncke, 
George M MacKee, Hermann J Muller, Charles Packard, Launston S Taylor, 
James T Case, George Clark, Edward Skinner, Matthew Luckiesh, Arthur H 
Compton and William Seifnz 

The Spread of Tumors in the Human Body By Rupert A Willis Mono- 
graphs of the Baker Institute of Medical Research Number 2 Price, 
25 shillings Pp 540 London J & A Churchill, 1934 

Dr Willis receives the reviewer’s enthusiastic praise for having produced a 
truly monumental work Every physician has been intrigued by the natural historj 
of the growth of tumors and has realized, more or less vaguely, that there are 
laws which govern the mode of spread of various neoplasms m the human bodv 
But while most are familiar with the cruder facts, such as the frequency of 
metastasis to bone from cancer of the breast or prostate and the infrequency of 
deposits in bone from cancer of the stomach, no accurate source of information 
has been available on the more intimate details of these matters The author 
leaves no nook or cranny of the subject unexplored, indeed, one admires his 
penetrating curiosity almost as much as the results of the researches Furthermore, 
this monograph serves as an example of scholarly methods Every statement is 
documented, and there is a bibliography of more than two thousand titles Above 
all, the style of writing has that charm which is essential m relieving the monotony 
which otherwise attends a subject largely statistical The format is pleasing, and 
the illustrations are instructive The reviewer ventures to predict that this book 
will take Its place among the classics of medicine, he advises every physician of 
literary inclination to secure a first edition 

Acute Intestinal Obstruction By Monroe A Mclver Hoeber’s Surgical 

Monographs Price, $7 50 Pp 340 New York Paul B Hoeber, Inc , 

1934 

After reading Mclver’s monograph one feels that there is nothing more to 
be said on the subject, if anything, the discussion has been almost too prolonged 
Part 1 deals with the etiology, pathology and clinical features of the various types 
of obstruction In part 2 diagnosis and treatment are considered, whereas part 3 
IS devoted to an analvsis of the interesting problem of the cause of death The 
writer seems specially qualified to deal with the whole subject, not only because 
of his clinical interests but because of his pioneer work with Gamble on the 
chemical derangements associated with intestinal obstruction The unsurpassed 
format of the Hoeber monographs is maintained with a profusion of excellent 
illustrations, charts and diagrams The bibliography is thorough, and there is a 
good index 
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Duimg the past fifteen years intensive investigations of chionic 
nephritis have brought about lemarkable changes in the conception of 
many of its features The disturbances of mineial, protein and water 
metabolisin and then lelationship to symptoms as well as to histologic 
changes hai'e been woiked out in some detail The studies of acute 
nephiitis, especially in the adult, aie comparatively few, and this disease 
is less well understood than the chronic foim 

It IS almost univei sally accepted that chronic glomerulai nephiitis 
develops as the result of an acute attack which remains unhealed Yet 
no extended expeiience with the chionic form is necessary to show that 
m most cases a histoiy of an acute attack is lacking In many 
cases the acute attack is so mild that the disease passes unnoticed, 
and the fiist ewdence of a damaged kidney appeals months or yeais 
latei with the development of the signs and symptoms of the chionic 
stage If the pi evading opinion is accepted that acute diffuse glomerular 
nephiitis IS chaiacteiized by the sudden onset of hematuiia, hypertension 
and edema, many cases of the acute form will continue uniecognired 
until they pass into the chionic phase Such a classic picture of 
hematuria, hypei tension and edema develops only aftei an abiupt attack 
o acute nephiitis which, at least temporarily, ovei whelms the function 
of the kidney kLlder attacks may pioduce no such syndromes, but 
aie capable of pioducing a lesion which just as often leads to the chronic 
lu' V pointed out by many writers, and especially stressed 

Longcope and his associates,’- Lyttle and Lsenberg ^ and 

From the Department of Medicine, Marquette Unnersitv ';rlinr>i T\r ^ 
and the Medical Qratc, M.hvaukee County Hoapdal 

Iiuestigation 5 7 (Dec ) 1927 ^"‘‘^^tions to Glomerular Nephritis, J Clin 

hood, Am j’ Dif Child Nephritis in Child- 





484 


ARCHIVES OF INTERNAL MEDICINE 


Bell and Hartzell/ scarlet fever and severe streptococcic infections of 
the throat are considered the most important causes of acute glomerulai 
nephritis Yet milder grades of infections of the upper respiratory 
tract, which frequently are not suspected as etiologic factors, may pro- 
duce severe nephritis Occasionally the only evidence of an attack of 
nephritis is found on examination of the urine, and it may be missed 
unless uiinalysis is repeated frequently If specimens of urine weie 
examined as carefully and as often during the course of all infections 
of the uppei respiratory tract as duiing scarlet fever, many more cases 
of acute nephritis would be disclosed 

Following the acute attacks of either the severe or the mild form, 
there is often a period of quiescence, in which the renal lesion heals 
completely or passes insidiously into the chronic phase It is in this 
stage of transition that the patient usually feels well and is often 
regarded as cured, and attention to the details of diagnosis and treat- 
ment IS neglected The result is that the patient lives comfortably, 
not knowing that anything has gone wiong with the kidney until the 
chronic foim supervenes months or years later, when little or nothing 
can be done to stop the downward progress of the disease While the 
disease is still in the transitional stage it is of great importance to be 
able to determine, in a given case, whether the acute nephritic lesion 
is healing or becoming chronic There is good reason to believe that 
if the true course of the disease is known and vigorous treatment 
instituted in this stage, the unfavorable sequelae may be prevented, 
for It IS at this period that chronic glomerular nephiitis may become 
inevitable, and the destiny of the kidney is determined 

In this report special emphasis is laid on the less pronounced cases 
of acute nephritis and on those in the stage of transition We have 
analyzed ninety-four cases of acute diffuse glomerular nephritis 
admitted to the clinic of the hospital and dispensary for the treatment of 
nephritis during the years 1924-1934 The patients admitted during 
the period fiom 1929 to 1934, however, were more completely studied, 
and their cases are more fully reported here The purposes of this 
study aie as follows (a) to review the general features of our cases 
as they were seen chiefly in adults, (&) to show that during the course 
of mild infections such as the common cold, when special attention is 
paid to the urinary findings, unsuspected nephritis may be diagnosed, 
and that the classic syndromes of hematuria, hypertension and edema 
need not be present, (c) to give particular consideration to the cases 
in the stage of transition during which healing or a state of chronicity 
occurs, and, finally (d) to show that the blood urea clearance test and 

4 Bell, E T , and Hartzell, T B Etiology and Development of Glomerulo- 
nephritis, Arch Int Med 29 768 (June) 1922 
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Uic sedimentation rate foi er 3 throc\tes in conjunction with the tests 
moie commonl} used, aid in deciding whether the renal lesion is healing 
01 becoming chronic 

ANALYSIS 01 THE CLINICAL DATA 

In this senes theie was wide vaiiation in the age incidence, as shown 
in t<ible 1, m which a comparison of the ages of the patients is given 
It may be noted that lifty-nine of niiiety-foui cases, or 62 7 per cent, 
occuired m patients between the ages of 10 and 30 years, while m 
thirty-five cases the patients A\ere past 30 years of age The table 
emphasizes tlie fact that this is not a childhood gioup, but predominantly 
a senes of adults with nephritis Also, it is shown that of fifty-nine 
patients undei 30 yeais of age, twelve oi 20 per cent, died, as compaied 
with fifteen, oi 42 pei cent, of thiit>-five patients in the group over 

Table 1 — Compauson of Ages of Nineiy-Foxu Patients imth Aeiitc 

Glomerular Nephi itis 



Number 

of 

Cases 

Recovered 

A 

Became Chronic 

Died 

A 

Age, Years 

r ' 1 

Number Per Cent 

/ 

Number 

Per Cent 

r — 

Number 

Per Cent 

0 to 10 1 

11 to 20 

21 to 80 J 

50 

31 52 54 

10 

27 12 

12 

20 34 

31 to 40 1 

41 to 60 

51 to 00 J 

■ 35 

10 45 n 

4 

11 43 

15 

42 80 

Total 

94 

47 50 00 

20 

21 28 

27 

28 72 


30 yeais Of twelve patients under the age of 10 years, seven recovered , 
the condition of three became chronic, and two died (table 2) Although 
acute glomerulai nephritis may occur at any age, it is rare after the 
age of 50 and common in children and adolescents The highei incidence 
among }oung patients is, without doubt, properly attributed to the 
gieatei frequency of diseases of the upper respiratory tract 

The sex of the patients appeared to be inconsequential As shown 
in table 2, there were fiftj -one males and fifty-three females The age, 
sex incidence and final outcome are arranged accoiding to decades 

It has been pointed out from time to time that the mortality rate 
is highei among adults with acute nephritis than m children Our 
mortality rate was highest among the patients in the age gioup from 
40 to 50 Years, as six of twelve patients m this group died Between 
the ages of 30 and 40 yeais, eight of twenty patients died, while m 
the age gioup from 20 to 30 years, foui of tnei^-one patients died 
Twche cases occurred in patients between 5 and 10 }ears of age, and 
of these tno died The outcome in relation to age and sex incidence 
IS aiianged m table 3 The arerage age of patients i\ho died Mas 
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29 years, as compared with 20 and 24 years, respectively, for those in 
whom the condition became chronic or who recovered Of the entire 
series of patients 47, or 50 per cent, recovered completely, in twenty, 
or 21 per cent, the condition became chronic, and 27, or 28 per cent, 
died 

The form of acute nephritis complicating scarlet fever has been 
taken as a model of acute diffuse glomerular nephritis Twenty years 
ago scarlet fever was considered the chief cause of acute diffuse 


Table 2 — Age and Sex Incidence tn Ninety-Four Cases of Acute 

Glomeiulai Nephiitis 




Per 

Num 

Per 

Num 

Per 

Num 

Per 

Num 

Per 


Per 



Cent 

ber 

Cent 

ber 

Cent 

ber 

Cent 

ber 

Cent 

Num 

Cent 


Num 

of 

of 

of 

of 

of 

Eecov 

of 

Became 

of 

ber 

of 

Age 

ber 

Total 

Males 

Total Females Total 

erea 

Total Chrome Total 

Died 

Total 

Oto 10 

12 

12 77 

7 

7 45 

5 

5 32 

7 

7 44 

3 

319 

2 

213 

11 to 20 

26 

27 66 

11 

11 70 

15 

15 95 

12 

12 77 

8 

8 51 

6 

6 38 

21 to 80 

21 

22 33 

8 

8 51 

13 

13 83 

12 

12 77 

5 

5 32 

4 

4 25 

31 to 40 

20 

21 27 

11 

11 70 

9 

9 57 

9 

9 57 

3 

319 

8 

8 51 

41 to 50 

12 

12 77 

11 

11 70 

1 

106 

5 

5 32 

1 

106 

6 

6 38 

51 to 60 

3 

3 20 

3 

3 20 

0 

0 

2 

213 

0 

0 

1 

106 

Total 

94 

100 00 

51 

54 25 

43 

56 38 

47 

50 00 

20 

2128 

27 

28 72 


Table 3 — 

Outcome 

in Relation to Age and Sev 

Incidence 




Per 

Num 

Average 

Num 

Average 

General 





Cent 

ber 

Age of 

ber 

Age of 

Average Toung 



Num 

of 

of 

Males, 

of 

Females, 

Age, 

est 

Oldest 


ber 

Total 

Males 

Tears 

Females 

Tears 

Tears 

Patient Patient 

Recovered 

47 

50 00 

29 

27 72 

18 

21 77 

24 75 

5 

59 

Became chronic 

20 

2128 

4 

18 00 

16 

22 43 

20 21 

8 

46 

Died 

27 

28 72 

19 

34 57 

8 

23 50 

29 03 

7 

57 

Total number of 

— 


— 


— 


— 




cases 

94 

100 00 

52 

26 76 

42 

22 57 

24 66 

5 

59 


nephritis More recently, however, investigations have shown that other 
forms of infections, especially those of the upper respiratory tract, 
overshadow scarlet fever as the chief cause of acute nephritis As shown 
in table 4, fifty-four, or 57 4 per cent, of the cases were caused by 
the common cold, tonsillitis and pneumonia The onset of acute 
nephritis was preceded by scarlet fever in only two cases The infre- 
quency of scarlet fever as an etiologic agent m this series is surprising , 
but we believe it may be explained by the fact that our cases were 
gathered in a general hospital to which few patients with contagious 
diseases are admitted 

At the head of the list of etiologic factois are the common cold and 
influenza They accounted for twenty-six cases, or 27 6 per cent 
Pneumonia occupies an important place in oui list, for eight, or 8 5 
per cent of our cases were caused by it This comparatively high 
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incidence may be explained by the fact that we have carefully watched 
these patients for evidences of acute nephritis We have excluded 
cases of so-called febrile albuminuria 

Within lecent years the pait played by the toxemia of pregnancy 
111 the pioduction of acute nephritis has been emphasized by various 
authors (Mussey and Keith, Bell ° and Baird and Dunn ^ These 
wi Iters have expressed the belief that acute glomerular nephritis is one 
of the manifestations of the toxemia of pregnancy We have selected 
sixteen cases from among a large numbei of patients with eclampsia 
to illustrate the acute nephritic syndromes commonly observed Our 
autops}^ studies in connection with these cases lead us to believe that 
acute diffuse glomerular nephiitis due to eclampsia is practically the 
same as that due to other causes 


Table 4 — Etiology of Ninety-Four Cases of Acute Glomeiulaf Ncphitis 



Num 

Per 

Num- 

Per 


Per 


Per 


her 

Cent 

her 

Cent 


Cent 

Num 

Cent 


of 

of 

Recov 

of 

Became 

of 

bet 

of 

Causes 

Cases 

Total 

ered 

Total 

Chronic Total 

Died 

Total 

Common cold, influenza 

20 

27 60 

12 

12 78 

7 

7 44 

7 

7 44 

Cold (e\posure) 

1 

106 

1 

1 06 

0 

0 

0 

0 

Sore throat, tonsillitis 

20 

2127 

14 

14 89 

3 

3 20 

3 

3 20 

Scarlet fever 

2 

213 

0 

0 

1 

100 

1 

100 

Pneumonia 

8 

8 51 

2 

213 

2 

213 

4 

4 25 

other infections 

14 

14 89 

8 

8 51 

0 

0 

6 

6 88 

Toxemia of pregnancy 

16 

17 03 

C 

6 38 

7 

7 44 

3 

3 20 

Unknoivn 

7 

7 45 

4 

4 25 

0 

0 

3 

3 20 

Total 

94 

100 00 

47 

50 00 

20 

2127 

27 

28 73 


The five classic clinical syndiomes winch chaiacterize the chronic 
stage of nephritis, as outlined elsewhere by one of us,® are applicable 
to the acute phase They are (a) the uiinary syndrome, (&) hyper- 
tension, (c) edema, {d) retention of nitrogen and {e) uiemia As in 
the chronic stage, it is seen m the acute that not all the syndromes need 
be present at the same time, at times one or another develops and 
dominates the clinical picture and then disappears, to reappear at a 
later date or nevei to return In every case the urinary syndrome was 
present when the diagnosis was made Some authors, notably Kylm,® 
have lepoited that hypei tension, edema and even uiemia may precede 

5 Mussey, R D , and Keith, N M Significance of Nephritis in Pregnancy, 
JAMA 91-2044 (Dec 29) 1928 

6 Bell, E T Renal Lesions m Toxemias of Pregnancy, Am 7 Path 
8.1 (Jan) 1932 

7 Baird, D, and Dunn, J S Renal Lesions in Eclampsia and Nephritis 
of Pregnancy, J Path & Bact 37 391 (Sept) 1933 

8 Murphy, F D Syndromes of Chronic Nephritis and Their Corresponding 
Morphological Changes, Internal Clin 2-45 (June) 1929 

9 Kylin, E Die Hypertoniekrankheiten, Berlin, Julius Springer, 1926, p 57 
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albuminuiia We have never observed this The urinary syndrome, 
as shown in table 5, was present in every case, and in many cases it 
was the only one present when the diagnosis was made Reliance on 
the urinary changes was necessary to a great extent in many of our 
cases, because other classic syndromes, as edema, hypei tension and 
letention of nitrogen, were absent Disturbances of urination, charac- 
terized by frequency of micturition and oliguria or occasionally complete 
anuria, weie foremost among the symptoms at the onset, and at times 
were the only symptoms present It was necessary, occasionally, to 
differentiate between febrile albuminuria and genuine acute nephritis 
in some of the milder cases Frequently simple albuminuria developed 
and continued during the period of high fever, while acute glomerular 
nephritis set m after the chief symptoms of the causal disease sub- 
sided In cases of febrile albuminuria, few oi no red blood cells, pus 
cells and granular casts were found, while in nephiitis these elements 
were prominent features Changes in the urinary output, as oliguria 
or anuria weie rarely present in febiile albuminuria and weie constant 
111 nephritis Also, in febiile albuminuria the albumin diminished 
lapidly with the subsidence of fevei , but in acute nephritis the urinary 
syndrome continued foi weeks after the fever disappeaied The amount 
of albumin excreted m twenty -four hours was so variable that we con- 
cluded that little or no significance could be attached to the quantity 
passed m the acute cases Likewise, hematuria vaiied greatly, not only 
from patient to patient, but fiom day to day m the same patient 
In some cases the urine was bloody from the onset, while in others 
only an occasional red cell was found during the acute stage From 
such experiences we do not believe, as some advocate, that the term 
acute hemorrhagic nephritis should be used synonymously with acute 
diffuse glomerulai nephritis Gioss hematuria was present in thirty'-six 
cases, or 38 per cent Red blood cells were m the sediment m varying 
amounts at some peiiod of the acute process in e^eiy case However, 
the number of led blood cells and of casts or the amount of albumin 
bore no lelationship to the seventy of the disease Some of our cases 
in the early'- stages showed pronounced hematuria, and so were diagnosed 
as cases of focal glomerulai nephritis, but we found on further obsena- 
tion that genuine diffuse glomerular nephiitis existed 

Table 5 shows that hypertension was piesent in seventy'--four cases, 
or 78 7 per cent Its presence or absence did not appear to influence 
greatly the ultimate outcome Rising blood piessuie oi hy'^pei tension 
that tends to persist alter othei signs have subsided is an unfavorable 
sign Our observations tend to substantiate the opinion that peisistent 
hypertension is indicative of an unhealed nephritic lesion Cerebral 
hemorrhage is thought to be lare in acute nephritis, yet in this series 
it occurred twice In each case the blood pressure was only model atety 
elevated, and the patients were under 20 y^ears of age 



MURPHY ET AL — DIFFUSE GLOMERULAR NEPHRITIS 489 

Associated at times with hypei tension are changes in the fundus 
ocuh In this senes neuroretinopathies weie found in only seven 
patients with excessive hypertension Frequently, the excessive hypei - 
tension was complicated by convulsions The changes in the eyegrounds 
\ ailed from lesions of mild degiee, charactei ized by slight letinal edema 
and moderate constriction of the retinal aiteries, to the typical pictuie 
of so-called nephritic letinitis, consisting of edema of the retina, choked 
disks, hemorrhages along the couise of the retinal arteries, narrowed 
and paitially obscured letinal arteiies and white patches Although 
some observers, as Fishbeig,’-® have pointed out that the presence of 
nephiitic neuroretinopathy indicates a serious prognosis, we cannot 

Table 5 — Syndiomes Occwiing m Ntncty-Fow Cases oj Acute 

Glomerular NephriUs 


Recovered (47) Became Chronic (20) Died (27) 

A _ A _ _ A 


Syndromes 

/ 

Number 

Per Cent 

Number 

Per Cent 

Number 

Per Cent 

Urinary 

47 

100 00 

20 

100 00 

27 

100 00 

Hypertension 

35 

74 47 

15 

75 00 

24 

88 80 

Edema 

32 

68 09 

15 

75 00 

15 

55 65 

Retention of nitrogen 

31 

65 96 

13 

65 00 

23 

8519 

Uremia 

C 

12 77 

2 

10 00 

20 

74 07 

Genuine 

0 

0 

0 

0 

14 

5185 

Convulsive 

6 

12 77 

2 

10 00 

6 

22 22 


Table 6 — Causes of Death in 

Tzoenty Seven Cases of Acute Glomeiular Nephtitis 

Causes 

Number of Oases 

Per Cent 

Uremia 

20 

74 07 

Heart failure 

S 

11 11 

Pneumonia 

3 

11 11 

Other infeetions 

1 

3 71 

Total 

27 

100 00 


leach that conclusion from our observations, as some of our most 
dramatic recoveries were among the patients having convulsions and 
neuroretinopathies 

Vaiious degrees of myocardial insufficiency were found m fifteen 
of the ninety-four cases observed, and, as seen in table 6, in three of 
the twenty-seven fatal cases death was caused by heart failure Failme 
of the left ventricle was observed m these cases, and was usually asso- 
ciated with excessive hypertension and convulsions During the con- 
vulsion the heait was frequently observed to be on the verge of collapse, 
onh to letuin to a noimal state with recovery from the convulsive 
attack As emphasized by Levy,“ hypei tension frequently causes mild 

10 Fishberg, A M Hypertension and Nephritis, Philadelphia, Lea & Febiger, 
1.934 

11 Lev}, I T Cardiac Response in Acute Diffuse Glomerular Nephritis 
Am Heart J 5 279 (Feb ) 1930 
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degrees of heart failure, which often pass unnoticed Although heart 
failure in our group usually was associated with hypertension, this was 
not always true In one fatal case the blood pressure was not elevated, 
yet the patient died of failure of the left side of the heart A leport 
of this case is given because it illustrates several features we wish to 
emphasize first, that left ventricular failure may occur in acute nephiitis 
with no elevation of the blood pressure, second, that in acute diffuse 
glomerular nephritis there may be too few red blood cells in the urine 
to warrant the term “hemoi rhagic,” and, finally, that acute glomerular 
nephritis may set in rapidly following exposure to cold and the onset 
of an infection of the uppei respiratory tract 

Case A — A white man, aged 33, a city fireman, entered the hospital on Aug 
8, 1933 He had always been in splendid health On August 4, he was drenched 
with water, and a severe cold developed in the head and chest He was confined 
to bed on August 6 and 7 On August 8, he felt worse, and had not urinated for 
twenty-four hours On catheterization about IS cc of clear urine was obtained 
Analysis revealed albumin 4 plus, from 8 to 10 pus cells, 8 to 10 granular casts 
and from 2 to 4 red blood cells per field The nonprotein nitrogen was 210 mg 
per hundred cubic centimeters and the creatinine was 14 mg The blood pressure, 
which had always been normal, was 132 systolic and 90 diastolic Efforts to 
bring about diuresis failed On August 9, he became dyspneic, and rales began to 
gather in the bases of both lungs During the day the signs of left ventricular 
failure became more pronounced, and toward evening well developed pulmonary 
edema with the typical frothy expectoration set in The blood pressure dropped 
to 100 systolic and 70 diastolic, and a definite gallop rhythm developed Complete 
anuria persisted Heart failure rapidly increased in severity, and the patient died 
the next morning 

At autopsy the kidne}'s were large, white and smooth, the right one weighing 
225 Gm and the left, 195 Gm The capsules stripped with ease, and the renal 
substance bulged out through the opening made in the true capsule No hemor- 
rhagic areas were seen on opening the kidney Microscopically the glomerular 
tufts were uniformly enlarged, practically filling Bowman’s space in most areas 
The capillaries of the tufts were practically bloodless throughout The lumens 
were occluded by swelling of the endothelial cells and polymorphonuclear leuko- 
cytes The endothelial cells of the capillaries were considerably increased in num- 
ber in some sections , in others this w^as not so noticeable In the capsular spaces, 
exudate containing pus cells but no red blood cells had accumulated The epithelial 
cells of the proximal and distal convoluted tubules were swollen, and appeared to 
be undergoing granular degeneration Very little fat was found with the fat 
stains, and no doubly refracting lipoids were seen with the polarizing microscope 
The blood vessels were normal 

Eveiy patient in oui series having uremia of the convulsive type 
had hypei tension before convulsions set in As a rule the blood pressuie 
was highei in these cases than in others, and convulsions developed at 
the height of the pressuie The association of hypei tension and the 
onset of convulsions is so striking that we believe a cause-and-effect 
relationship exists 
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Edema was nevei a severe complication in tins gioup of cases 
Usually it was slight, with pufhness about the eyes, occasionally it was 
moie pronounced, with ascites and fluid in othei cavities, but it rarely 
assumed the proportions of generalized anasarca Edema developed in 
sixty-two cases, or 65 9 per cent It was present in thirty-two, or 68 09 
per cent, of the patients who recovered, while it occuiied in fifteen, 
01 75 pel cent, of those in whom the condition became chronic and in 
fifteen, or 55 5 per cent, of those who died Theie was no relationship 
between the degree of edema and the prognosis As shown m table 5, 
edema was least often present in fatal cases and most often m those 
becoming chronic In many of the cases studied the amount of plasma 
pioteins was determined There seemed to be no relationship between 
the quantity of plasma protein and the edema, as is so marked a featuie 
of chronic nephritis with edema In most cases the amount of total 
protein and of albumin and globulin was normal In most cases with 
edema the plasma pi otein level was normal , occasionally edema was asso- 
ciated with a 1 eduction of the total plasma pi otein to 6 Gm per hundred 
cubic centimeters or below, with an albumin level between 3 and 4 Gm 
per hundred cubic centimeters Rarely, a decrease of protein was found 
when no edema prevailed 

Estimations of the blood cholesterol content were done in seventy- 
two of the ninety-foui cases In eighteen cases there was a cholesterol 
content above 200 mg There was no relationship between the content 
of blood cholesterol and the fatal outcome In the gioup whose con- 
dition became chionic there was a tendency of the content of the blood 
cholesterol to use gradually Retention of nitiogen was present in 
sixty-seven cases, or 71 2 per cent When anuria set in suddenly the 
use in nonprotein nitrogen usually occurred promptly The degree of 
letention of nitrogen did not alter the prognosis, but with an elevated 
nonprotein nitiogen value that remained higher than normal the outlook 
foi complete recovery was unfavorable An initial abrupt rise m non- 
pi otem nitiogen was frequently followed by prompt recoveiy, while 
othei cases with little oi no rise in the blood nonprotein nitrogen ended 
fatally A rising nonprotein nitrogen level, as shown by repeated exam- 
inations, indicated a failing kidney and a poor prognosis 

The uiemia syndrome occuried in twenty-eight cases, oi 29 7 per 
cent In this analysis the term uremia was used to embiace two rather 
different clinical S 3 mdromes Although such use of the teim uremia 
may not be acceptable to all, it has long been used in the sense in which 
It IS employed here Two forms of uremia were lecognized, the genuine 
foim and the convulsive or so-called false uremia of some wi iters The 
convulsive foim occuried in six, or 12 7 per cent, of the patients 
who lecovered, in two, or 10 per cent, of those with conditions becom- 
ing chionic, and in six, or 22 2 per cent, of those who died This form 
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was always associated with hypertension, headache and visual dis- 
turbances, and frequently was accompanied by edema Temporary 
blindness was seen to come on before or during the attack and rapidly 
clear up with the subsidence of hypertension The hypertension is 
believed to be the chief cause m this type The retention of nitrogen 
and anuiia appeared to be unrelated to this form of uremia The hyper- 
tension already present rose sharply before the attack As a rule, those 
with convulsive uremia alone recovered When anuria or oliguria 
developed, a combination of genuine and convulsive uremia was seen 
to occur In sharp contrast to the convulsive form is the genuine or 
true uremia This form needs no explanation here, as it is the direct 
result of renal insufficiency Genuine uremia occurred m fourteen 
cases, and death followed m each instance (table 5) These were cases 
m which renal failure developed, and treatment failed to bring about 
diuresis 

Although the five classic syndromes of nephritis characterize the 
acute as well as the chronic stage of glomerular nephritis, all except 
the uiinaiy syndrome may be absent, especially in the earlier stages 
and in milder forms of the disease Not all the syndromes may be 
present at one time , sometimes one or the other appears and dominates 
the picture for a while and then disappears, to reappear at some later 
date or never to return at all 

STAGE OF TRANSITION 

When the acute attack is severe, the diagnosis, clinical course and 
tieatment are usually well defined But after the acute phase is over, 
which usually occurs within a period of six weeks, the problem fre- 
quently arises as to whether the renal lesion has completely healed or 
has subsided temporarily, only to progress into the chronic stage later 
on Acute diffuse glomerular nephritis may take several courses 
1 The patient may die in the acute attack 2 Chionic nephritis may 
develop 3 Complete healing may occur 4 Albuminuria may persist 
in small quantities for years, although the patient may be clinically 
cured This is called latent albuminuria We know that the severity 
of the acute attack has little influence on the subsequent course, as in 
some of the most severe attacks of acute nephritis healing occurred 
promptly, while a mild attack might be followed shortly by the chronic 
stage In the type of case with a poorly defined acute stage, with symp- 
toms so mild that they rarely attract attention, the condition of the 
patient who usually feels quite well may pass unrecognized and untreated 
into the healed stage, or progress insidiously into the chronic form 

It IS in the period of transition from the acute attack into the 
healed stage on the one hand and into the chronic phase on the other 
that the ultimate fate of the patient is determined Our experience with 
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this senes of cases leads us to believe that the dangei of oncoming 
chionic nephiitis may be recognized in this tiansitional stage and that 
more vigorous and prolonged treatment may bring about complete 
quiescence of the disease The knowledge at least of the piesence of 
the unhealed lesion is of considerable importance, as it leads to more 
caution in avoiding mild infections and to more diligence in treating 
them A sense of false security may develop during this time because 
of the patient’s apparent well-being, and ordinary tests show the kidneys 
to be well on the load to complete healing At times, in spite of the 
most careful examinations, it is difficult to decide whethei the lenal 
lesion IS healing or becoming chronic In some cases, the chronic form 
appears many years after all the ordinary tests indicated that healing 
was taking place 

The functional tests moie commonly used, such as the phenol- 
sulphonphthalein test, and the degree of retention of nitrogen have not 
helped greatly in deciding this question Such tests are of value when 
the renal function is decidedly reduced In cases of the type under 
consideration more delicate tests have been shown to be of greater 
value The functional tests show only the degiee of loss of leserve 
capacity of the kidneys, and do not indicate whether or not an inflam- 
niatoiy lesion peisists It seems possible for a pathologic lesion to be 
active in the kidney and to be associated with normal function In 
attempting to determine the degree of activity of the inflammatory 
lesion in these tiansitional cases, we have found that no test alone is 
a reliable guide in every case 

Seveial methods have been used m approximating this information, 
and we found that a combination of these results forms a more adequate 
piognostic indication that any test taken alone The blood piessure, a 
study of the uiinary sediment, the degree of anemia, the amount of 
plasma proteins and the dilution concentration test of Volhard, in gen- 
eial, have been of considerable value, but the blood urea cleaiance test 
and the sedimentation rate of the erythrocytes have been of particular 
help These measures will be presented seriatim, and the last two will 
be discussed more fully than the lest, because they have been found 
to be the most accuiate of all in estimating the degree of activity in 
the lenal lesion 1 An elevation of the blood pressure indicates active 
glomerular damage Normal pressure, however, does not signify a 
healed lesion, for some patients, especially those with a mild attack, 
have no rise in blood pressure 2 Gradually diminishing albuminuria 
points toward a healing piocess But in some cases theie was a mere 
tiace of albumin, and subsequently chronic nephritis developed The 
number of red blood cells and granular casts in the sediment makes 
a more reliable guide A decrease m the number of these elements 
points toi\ ard healing, but occasionally the sediment may contain no 
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cells, and yet the chronic phase may ensue 3 Anemia (below less 
than 3,500,000 red blood cells) implies a progressive renal breakdown, 
but this IS an unreliable guide, for anemia practically never appears 
in mild cases 4 A fall in the plasma protein values is a sign of a 
progressive renal lesion, while if the plasma protein values remain 
normal the case usually progi esses satisfactorily It was observed that 
the deciease was not commensurate m all cases with the amount of 
protein m the mine, other factors appear to influence the plasma protein 
values 5 The concentiation and dilution test of Volhard was found 
to be very lehable Impaired concentiation in most cases pointed to 
an unhealed progressive lesion This important test requires consider- 
able cooperation from the patients, however, we have found it to be 
of great help in arriving at a proper prognosis 6 Of all tests the 
blood urea clearance was the most accurate, yet, m a few cases it was 
found to be undependable 7 Finally, the erythrocyte sedimentation 
rate proved to be an important aid in determining the degree of activity 
of the renal lesion In this series we have paid particular attention 
to the last two tests, and therefore we shall discuss them more fully 
than the others Summaries of the data on all the cases which became 
chronic are given in table 7, and similar data are given in table 8 on 
ten of the forty-seven cases which went on to recovery These ten 
were selected because on them we have been able to do more complete 
work and have a more adequate follow-up than on the others 

The blood urea clearance test, as described by Moller, McIntosh 
and Van Slyke,^^ has been used regularly in the study of our cases 
A discussion of the technic of the testseemsunnecessaiy, for, subsequent 
to the original description, it has been used widely and reported on by 
such workers as Van Slyke, McIntosh, Moller, Hannon and Johnston,^® 
Cantarow and Ricchiuti and Bruger and Mosenthal,^® all of whom 
have given detailed descriptions of the piocedure In this report the 
figures foi blood urea clearances are given in a per cent of the noimal 
mean, which, according to Van Slyke and his associates, is 54 cc of 
blood per minute foi the normal average standard clearance and 75 cc 

12 Moller, E , McIntosh, J T , and Van Slyke, D D Studies of Urea 
Excretion II Urine Volume and Rate of Urea Excretion by Normal Adults, 
J Clin Investigation 6 427 (Dec ) 1928 

13 Van Slyke, D D , McIntosh, J F , Moller, E , Hannon, R R, and Johns- 
ton, C Studies of Urea Excretion VI Comparison of the Blood Urea Clear- 
ance with Other Measures of Renal Function, J Clin Investigation 8 357 (April) 
1930 

14 Cantarow, A, and Ricchiuti, G Urea Clearance Test in Pregnancy, Arch 
Int Med 52 637 (Oct ) 1933 

15 Bruger, M , and Mosenthal, H O Urea Clearance Test as an Index of 
Renal Function I Studies of Normal Subjects, Arch Int Med 50 351 (Sept ) 
1932 



Table 7 — Essoitial Data m Tzvcnty Cases of Acute Glomcndai Nephritis Which Became Chiotiic 
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for the average maximum clearance In determining whether the acute 
condition is healing or progressing into the chronic stage the blood 
urea clearance has definite value It is probably the most delicate of 
an} of the tests of renal function, and it reveals early functional impair- 
ment considerably soonei than the usual tests employed Furthermore, 
it was pointed out by Van Slyke and Ins co-woikeis^® that one may 
interpret the blood urea clearance as a measure of the proportion of 
glomerular tissue still functioning and that a faiily accurate impression 
may be obtained concerning the rate of progress of the renal lesion 
itself As shown in table 7, no case becoming chionic maintained a 
normal urea clearance In a few, as in cases 1, 7, 8 and 15, the urea 
clearance was satisfactory during the eaily periods of the disease, rang- 
ing fiom 40 to 60 pel cent of normal, while in otheis the initial observa- 
tions revealed urea clearances as low as 10 per cent of normal When 
the initial blood urea clearance was satisfactoiy in cases becoming 
chronic, repeated examinations showed a tendency toward a drop in the 
percentage , while in the cases m which the initial test showed a decided 
lowering of urea clearance langing from 15 to 30 per cent of normal, 
a rise to normal was not found ni the stage of transition into the 
chionic foiin This does not mean that the percentage of clearance 
made no rise m some cases which became chronic In case 4, for 
example, the initial clearance was 15 per cent, followed by a rise to 
45 per cent, yet the condition continued tow aid the chronic stage 

In the gioup of cases which went on to the healed stage as a rule 
the urea cleaiances weie depressed during the early periods of the acute 
stage, wdiile m latei periods the cleaiances tended to increase (table 8) 
In some, as m cases 22 and 28, the clearances were normal and remained 
so, but in most cases in this group an early depression showed, followed 
after several weeks of rather marked fluctuations by a gradual rise to 
normal We wish to emphasize that clearance tests done during the 
early stages of acute nephritis do not tell whether the outcome will be 
favorable or unfavorable How'^ever, repeated tests over a peiiod of 
months show whethei the general trend is tow^ard healing or toward 
chronicity This, nevertheless, is no ironclad lule, for there w^eie cases 
m which the clearances remained normal during the early months, and 
yet the condition w’-ent on to the chronic stage, as seen m case 6, table 7 
In this case the sedimentation late was more serviceable as a prognostic 
guide than the blood urea clearance test Because of its impoitance 
a more detailed presentation is given here 

16 Van Slyke, D D , Stillman, E , Moller, E , Eggert, E W , McIntosh, 
J F , Leiter, L , MacKay, E M , Hannon, R R , Moore, N S , and Johnston, C 
Observations on the Course of Different Types of Bright’s Disease and on the 
Resultant Changes in Renal Anatomy, Medicine 9 257 (Sept) 1930 



Iable 8 — Essential Data, in Ten Cases of Acute Glomctulat Ncphntis in Which Rccovciy Occutnd 
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Case 6 —A white schoolgirl, aged 13, was first observed on July 13, 1931, fol- 
lowing an attack of tonsillitis three weeks previously There was slight edema 
about the eyes, and urinalysis showed albumin 4 plus, many red blood cells and 
pus cells and a few granular casts The blood pressure was normal, as well as 
the blood nonprotein nitrogen level and the reaction to the phenolsulphonphthalein 
tests A blood urea clearance test was done repeatedly and gave values ranging 
from 65 to 75 per cent of normal The er 3 'throcyte sedimentation rate was 52 mm 
during the first hour and 82 mm during the second After three weeks in the 
hospital the patient felt well and appeared to have made a complete recovery A 
trace of albumin was found in the urine, with an occasional red blood cell and a 
few pus cells, but no casts The blood pressure was normal , reactions to the 
tests of renal function were normal, the blood urea clearance was 70 per cent of 
normal From the clinical as well as the laboratory standpoint she was making 
&plendid recovery, and seemed to be progressing toward a healed stage Had it 
not been for the rapid erythrocyte sedimentation rate of 54 mm during the first 
hour, we should have considered her quite well During the next several months 
she seemed very well, and all tests pointed toward recovery with the exception 
of the rapid sedimentation rate On Nov 6, 1932, edema reappeared, albuminuria 
became greater and the blood urea clearance test began to show a reduction in 
clearance for the first time Although high blood pressure did not develop, the 
other syndromes of chronic glomerular nephritis gradually set in 

It IS important, we believe, to stress that m dealing with cases in 
the transitional stage, the percentage of blood urea clearance may 
occasionally rise to normal figures, only to drop to below normal on 
subsequent tests The opposite, too, may occur , an initial normal clear- 
ance may be followed by very low clearance, and subsequently there is 
a rise to normal, which level is maintained An occasional estimation 
of the urea clearance, then, may lead one to false conclusions Repeti- 
tion, however, at regular intervals, over a penod of several months, will 
show that m the healing stage clearances indicate a tendency to rise 
towaid normal, while in those becoming chronic the tendency is toward 
a fall to decidedly low percentages 

Although the sedimentation late of the erythrocytes has proved to 
be of value as an aid in the diagnosis and prognosis of many diseases, 
its use in nephritis has been sharply limited As pointed out by Cutler,^’’ 
the test IS not specific and is not a procedure for diagnosing any par- 
ticular disease, but is to be used rather as a general symptom, like fever 
and leukocytosis, is used First, it serves to indicate the presence of 
some disease in the body which is causing the breakdown of tissue, 
and, second, the test is a measure of the intensity of the disease process 
As a diagnostic aid in nephritis we believe it is an unessential test, but 
as a prognostic guide, indicating the degree of activity present in the 
kidney, it has been of considerable value In following the patient with 
acute nephritis through the transitional stage it has proved to be of 

17 Cutler, A W The Practical Application of the Blood Sedimentation Test 
in General Medicine, Am J M Sc 183 643, 1932 
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distmct aid in showing whether the renal lesion was going on toward 
healing or to chronicit} This is not an infallible guide in the stage 
of transition, for we have had patients with genuinely active acute 
glomerulai nephritis in whom the sedimentation rate has been noimal. 
In conjunction with the othei tests it is a valuable aid 

The theoietical explanation of this phenomenon is at present not 
clearly undei stood Most authors have expressed the belief that an 
increased agglutinability of the erythrocytes plays an important idle, 
and that the suspension stability of the red blood cells is influenced by 
the fibrinogen and globulin content of the blood Whenever the fibi mo- 
gen and globulin contents are increased, the sedimentation rate of the 
led blood cells becomes moie rapid The rapidity of the sedimentation 
is 111 diiect proportion to the degiee and extent of the destruction of 
tissue, 01 the progress of certain pathologic conditions Kylin “ pointed 

StOmCMTATlOH RATE 

or A TYPICAL CASE OP GLOMERULAR NEPHRITIS 
SHOWIHO COMPLETE RECOVERY 



CHART 1 

Chart 1 — The sedimentation rate in a typical case of glomerular nephritis 
showing complete recovery 

out that the changes in the plasma protein content play an important 
role in glomerular nephritis, pioducmg an increased rate m the sedi- 
mentation of blood corpuscles, while in essential hypertension the stabil- 
ity of the plasma protein level is not afifected and the sedimentation 
late IS normal 

We followed the original method of Westergren m studying the 
sedimentation rate of blood mixed with a 3 6 pei cent solution of sodium 
citrate in a pioportion of 1 part of sodium citrate to 4 parts of blood 
obtained by \ enipuncture Into one of the special sedimentation pipets, 
which measures exactly 200 mm from the zero maik to the tip, 1 cc 
of citrated blood was taken up The sedimentation of the red blood 
cells was measured at intcivals of fifteen, thirty, fort 3 '--five and sixty 
minutes and two hours The readings were plotted on graphs in each 
case, so that the progress or retardation of the sedimentation rate could 
be easily observed and compaied 
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The variations observed in the sedimentation rate in three typical 
cases of acute nephritis aie shown by the graphs in charts 1, 2 and 3 
Chart 1 shows a typical example of a case progressing satisfactorily 
to recovery, chart 2, a case resulting in death, and chart 3, a typical 
case which became chronic Our observations with this test have led us 
to look on it as a fairly reliable gage of the progress of the renal lesion 


SCDinCttTATION RATE 

OF A TYPICAL CASE OF ACUTE GLOnERULAR NEPHRITIS 
RESULTING IH DEATH 



CHART Z 

Chart 2 — The sedimentation rate in a typical case of acute glomerular nephritis 
resulting in death 


SEOIrtCHrATIOM RATE 

OF A TYPICAl. CASE OF ACUTE GLOMERULAR NEPHRITIS 
VMtCH GECAHE CHRONIC 


time 15 50 A5 lhl» 75 9 O 105 2>)r 



Chart 3 — ^The sedimentation rate in a typical case of acute glomerular nephritis 
which became chronic 

m the tiansitional stage Oui conclusions legarding the test may be 
given as follows 1 In conjunction with the other tests enumerated, 
determination of the sedimentation rate is a valuable prognostic aid 
2 A single determination may lead to false impressions, and repeated 
tests may be necessary in order to arrive at a satisfactory decision 3 A 
lapid rate is a warning signal that the renal lesion is active and progress- 
mg 4 When the renal lesion is becoming quiescent the sedimentation 
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late IS less rapid, when the lenal lesion is progiessmg the rate is moie 
rapid 5 The simplicit} of the test is one of its best recommendations 

COMMENT 

Acute nephritis is usually recognized when the attack is so seveie 
that the renal function is foi a time suppiessed This is followed by 
recovery, chionicity or death Milder forms may pass unrecognized 
and untreated, and are frequently those which pass insidiously into the 
chronic form from which the patient rarely recovers It is important 
to realize that the severest case of acute glomerular nephritis may heal 
piomptly with no lesidual renal changes, while the mildest form may 
pass into the chronic There seems to be a tendency to treat severe 
cases seriously, and to consider the acute case cured when the mam 
syndromes have subsided Owing to the fact that the immediate mortal- 
ity in acute nephiitis is low, many are led to view lightly the mildei 
cases of acute nephritis and to be satisfied when the mam symptoms 
of the acute stage have passed We wish to emphasize that a mild 
infection of the type usually not considered important in the production 
of nephritis may be followed by an attack of acute diftuse nephritis so 
mild as to escape notice, and the signs and symptoms of this attack 
appear above the thieshold of clinical recognition only after months oi 
years have elapsed and the chronic stage has developed 

There is a pionounced lack of uniformity in the statistical reports 
of various authors concerning the etiology of acute diffuse glomerular 
nephritis The disparity between the figures may be accounted for by 
the fact that some aie compiled in hospitals for contagious diseases and 
others in children’s hospitals, while still others are from general hos- 
pitals If the urine were to be examined in all acute infections, both 
mild and seveie, with the same care that it is examined in cases of 
scarlet fever, eaily and obscure cases of acute diffuse glomerular 
nephiitis would moie frequently be uncovered As pointed out by 
Chiistian,^® the pie\ention of nephritis is extremely unsatisfactory, and 
all that can be done is to prevent as far as possible and treat as 
thoioughly as possible all acute infections, closely allied, he added, is 
the piophylaxis of the common cold and its sequelae We have become 
more and moie convinced, as we have advanced in this clinical study, 
that the neglected acute infection of the upper lespiiatory tract is an 
important cause of acute nephritis and that the mild acute case later 
becomes the average chionic case with no history of previous scarlet 
fe\er or of an acute phase 

If such poorly defined cases are to be diagnosed and treated in their 
incipienc}, then the usual textbook desciiption of acute nephritis must 

18 Christian, H A T\pes of Nephritis and Their Management, JAMA 
102 169 (Tan 20) 1934 
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be set aside to a large degree That hypertension, hematuria and edema 
are the important features of acute glomerular nephritis is, of couise, 
true, but this triad develops only in the patient who has suftered such 
a severe attack that for a time the kidneys are overwhelmed In some 
well developed cases all the syndromes do not appear at the same time 
Occasionally, the hypertension remains for a day and disappears, and 
edema may be so slight as to pass undetected, and hematuria may be 
present m the beginning and last for a few days, then disappear, or it 
may never occur at all 

Scarlet fever can no longer be looked on as the chief cause of 
glomerular nephritis, and the mam clinical features cannot be embraced 
under hematuria, edema and hypertension, as was done formerly When 
It is taken into consideration that ordinary colds m the head may be a 
cause of acute nephritis, and that symptoms may pass unrecognized dur- 
ing the entire course of the disease, many moie cases of the acute phase 
will be diagnosed when sought for It is apparent that the common 
cold IS a term which has been applied to a variety of types of infections 
of the respiiatory tract A clear definition of the common cold is dif- 
ficult to obtain, because various investigatois hold difiterent ideas con- 
ceining its essential natuie We have used the term m the sense in 
which it IS used by the Thomsons in their monograph, “The Common 
Cold,” in which they stated that the common cold is a generic term 
which covers a host of specific catarrhal infections of the mucous mem- 
brane of the respiratory tract Concerning the term influenza, we found 
difficulty in differentiating between it and the common cold The two 
terms are often used interchangeably, especially in periods during which 
no influenzal epidemic is piesent In this series of cases the diagnosis 
of influenza was made when severe pains in the back and joints, head- 
ache and piostration dominated the clinical picture, and when the symp- 
toms showed a tendency to be refractory to oidmary remedies As 
pointed out by the Thomsons, although influenza and the common cold 
are very different diseases, the differential diagnosis is difficult, and 
no certainty in diagnosis will be forthcoming until definite causal organ- 
isms can be isolated with ease or until some scientific test has been 
developed In grouping together these two etiologic factors m nephritis, 
we believe that we have avoided making a clinical sepaiation in many 
cases, in which one practically does not exist 

Osman said that it is wrong to consider scarlet fevei as the most 
impoitant cause of acute nephritis He found that of fifty-six cases 

19 Thomson, David, and Thomson, Robert The Common Cold, Ann Pickett- 
Thomson Research Lab 8 1 (Dec ) 1932 

20 Osman, A A Etiology and Prognosis of Acute Nephritis in Children 
and Young Adults Clinical Study of 56 Cases, Guy’s Hosp Rep 75 306 (July) 
1925 
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of nephntis thirty-three, oi 59 per cent, followed infections of the iipper 
respiratory tract, three developed during pneumonia, two followed the 
puerpeiium, three developed after exposure to chills and fever, and in 
fifteen cases no reliable cause could be obtained He also showed fioni 
the investigation of two hundred and thiity-five cases that scarlet fever 
had occurred in only eight Scarlet fever was lesponsible in only four 
cases of thirty-four reported by Guild Infections of the upper 
respiratory tract, such as the common cold and acute bronchitis, are 
the mam causes in our experience Other observers, including Bo 3 ^d,-" 
Rake, 22 Lichtwitz,^^ Hill 2 = and Longcope and his associates,2 found 
that infections of the throat and uppei lespiratoiy passages fai outstiip 
seal let fevei as a cause of acute nephntis Fishbeig,^® howevei, stated 
that scarlet fevei is the most fiequent cause of acute glomerular 
nephntis in children 

Evidence has been accumulating duiing recent years which tends to 
show that acute nephritis is one of the manifestations of late toxemia 
of pregnancy Such an opinion has been expressed by Mussey and 
Keith,2 who reported that in forty-two cases of acute toxemia, clinical 
evidence of nephntis was present in all but five Similarly, 111 a series 
of five hundred and foity-five consecutive deliveries of patients with 
toxemia excluding eclampsia and vomiting, Peckham and Stout found 
that reexamination of 66 6 per cent of these months latei revealed 
definite chionic nephritis in 40 per cent of those examined In eclampsia, 
a characteristic glomerular lesion was desenbed by Bell “ An increase 
in the thickness of the capillary basement membrane and an increase 
of endothelial cells characterized the lesions He concluded that the 
disease is a form of glomeiulai nephritis, but that it lacks some of the 
more sti iking features of acute glomerular nephritis, for instance, no 
epithelial descents and no very large glomeruli aie found More 
lecently. Baud and Dunn’’ studied the renal lesions in eclampsia and 
nephritis of piegnancy, and stated that the renal lesion closely simulates 
that of glomerulitis In nine of ten cases of eclampsia they found the 
constant and piedominant lesion to be in the glomeruli and to resemble 
that of acute glomerular nephntis 

21 Guild, H G Prognosis of Acute Glomerular Nephritis in Childhood, 
Bull Johns Hopkins Hosp 48 193 (April) 1931 

22 Bo>d, Gladys L Acute Nephntis in Children, Canad 111 A J 17 894 
(Aug ) 1927 

23 Rake, G W Ihe Role of Infections in the Etiologi' of Bright’s Disease, 
Guy’s Hosp Gaz 42 242 (June 2) 1928 

24 Lichtwitz, L Praxis der Nierenkrankheiten, Berlin, Julius Springer, 1925 

25 Hill, L C Febrile Albuminuria, with Special Reference to Pneumonia 
Quart T I\red 22 305 (Jan ) 1929 

26 Peckham, C H , and Stout, U L Study of Late Effects of Toxemia of 

Prcgnanc\ (Excluding Vomiting and Eclampsia), Bull Johns Hopkins Hosp 
48 225 (Oct ) 1931 ^ 



504 


ARCHIVES OF INTERNAL MEDICINE 


Although albuminuria is present in the urine of many patients with 
pneumonia, acute nephritis has been considered a rarity Hill,^^ who 
studied albuminuria of pneumonia rather fully, stated that of twenty-one 
cases of pneumonia of all types, five, or 23 8 per cent, were accompanied 
by evidence of renal disease sufficient to justify a diagnosis of nephritis 
Blackman and Rake reported that acute glomerular nephritis was 
found in 9 4 pei cent of ninety-five cases of pneumococcic infections , 
however, no instance of acute glomerular nephritis was found m thirty- 
two cases of lobai pneumonia In our series, eight cases, or 8 5 per 
cent, were ti aced to pneumonia At times it is difficult to decide whether 
the urinary changes signify only febrile albuminuria or genuine but 
mild glomerular nephritis In some cases, other evidence of nephritis, 
such as hypertension, may help make the decision, but as a rule we 
decided the question on the urinalyses If red blood cells and granular 
casts were piesent in addition to the albuminuria, and these persisted 
for a week or more after the pneumonic process subsided, we diagnosed 
the case acute glomerular nephritis The diagnosis in many cases must 
rest on the urinalysis, for other sjnnptoms, as edema, hypertension and 
retention of nitrogen, are often lacking Persistent albuminuria, with 
led blood cells, granular casts and pus cells, after the subsidence of an 
infection or disease capable of producing renal inflammation is taken 
for evidence of acute nephritis More accurate studies of the urine by 
the quantitative method of Addis are doubtless of great value m the 
diagnosis of the acute lesion, as well as in determining whether the 
lesion IS becoming chronic or is healing Our experience with this 
method has been too limited for discussion, but we believe from what 
we have done that it is a definite aid in prognosis 

Differences of opinion prevail concerning the incidence of hyper- 
tension duiing the acute stage Christian and O’Haie^® stated that 
of fiftjf-five cases, hypertension developed in nineteen According to 
Bennett,®® a model ate degree of hypertension is found m a small pro- 
portion of cases, and cases with a greatei degiee of hj'^pertension are 
those in which chionic nephiitis preexisted Lichtwitz,®* Volhard,^ 
Volhard and Fahr and Kylin ^ believed that hypertension is always 

27 Blackman, S S , and Rake, G W Acute Pneumococcal Nephritis, Bull 
Johns Hopkins Hosp 51 217, 1932 

28 Addis, T Haemorrhagic Bright’s Disease Natural History, Bull Johns 
Hopkins Hosp 49 203 (Oct ) 1931 

29 Christian, H A, and O’Hare, J P Nephritis, in Christian, H A, and 
Mackenzie, J Oxford Medicine, New York, Oxford University Press, 1920-1921, 
\ol 3, p 674 

30 Bennett, T I Nephritis, Its Problems and Treatment, New York, Oxford 
University Press, 1929 

31 Volhard, F, and Fahr, T Die Brightsche Nierenkrankheit, Berlin, Julius 
Springer, 1914 



MURPHY RT AL — DlfPUSE GLOMERULAR NEPHRITIS 505 

present during the -acute stage Others, as Fishbeig^° and Bennett, 
expressed the belief that h}pertension is moie \ariable in its occuirence 
and apt to be absent at tunes Our experience coincides with that of 
the latter group One of oui patients had no hypertension at the onset 
or duimg the course of the attack, and at autopsy typical acute diffuse 
glomeiular nephiitis was piesent It is to be kept in mind, however, 
that hypei tension may come and disappear in the early period of the 
acute phase before the reading of the blood pressuie has been taken, 
furtheimoie, it may be absent at first and rise a few da}s later m the 
couise of the disease Kylm « stated that, as a rule, an increase of 
blood pressure comes first, and that changes in the urine develop some 
days latei He cited a case in which high blood pressuie, edema and 
uiemia occuiied in the absence of the urinaiy syndrome In otii senes 
we found the uimary syndrome present in all cases, and no other syn- 
diome was found to develop earlier than this 

It has been customary to think of uiemia as the chief cause of the 
fatal issue in cases of acute nephritis Levy,^^ however, called attention 
to the circulator) disturbances found in ten patients with acute diffuse 
glomeiulai nephritis He believed that hypertension is the cause of 
the caidiac insufficiency It is undoubtedly true that hypei tension plays 
an important pait m causing heait failure m many cases, but that other 
factois, such as the toxic action of uiemia alone, may be the causative 
agent m some cases, as has been shown by the report of our case A 
The edema of acute nephritis is such a striking feature of many 
cases that formeily some writers spoke of certain cases of acute nephii- 
tis with edema as if this weie a distinct type of nephiitis Further- 
moie, some believed that edema often is the first sign of acute nephritis, 
but in many instances it is only the first sign noticed, as the changes 
m the uiine precede the formation of edema Edema may be so slight 
as to pass unnoticed or it may last for only a few days and disappear 
entiiely oi again it may leturn at a latei date duiing the tiansition 
into the chionic stage When edema occurs, there may be a mere puf- 
finess of the eyelids, occasionally it is more widespread, but general 
anasaica is raie In view of the fact that the presence of capillary 
damage has been cited as a cause of edema in acute nephritis and that 
such damage has not been proved, Rennie attempted to determine 
uhethei any lelationship exists between the degree of edema and the 
serum protein level in these cases Of sixty-three cases in his senes, 
nine, oi 14 pei cent, had low serum protein levels (below the edema- 
producing level) In these cases edema occurred, and he attiibuted it 
to a decrease in plasma piotein In other cases, the plasma protein 
lc^eIs veie onl) slightly reduced, and edema also occuried Rennie 
lielieved that in the latter a rise in the blood piessuie plus the drop 

32 Rennie, J B Oedema in Nephritis, Quart J Med 2 521 (Oct ) 1933 
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in the plasma protein level are jointly accountable for the edema In 
a few cases m which no reduction of plasma protein was present a 
sharp rise in the blood pressure was, in Rennie’s opinion, the mam 
factor in causing the edema Peters and Van Slyke said that through- 
out the acute attack the plasma protein level may be unaffected, pro- 
vided the attack is mild, otherwise there may be a decided fall in the 
piotem level within a month It must be taken into consideration, how- 
ever, that in the earliest stages of acute nephritis, edema may dominate 
the clinical picture before any change occurs in the plasma protein 
osmotic pressure They attributed this early edema not to a loss of 
protein osmotic pressure in the plasma, but to some quite different 
physical cause, presumably an increase in capillaiy permeability 

In our experience with this problem we have found slight or no 
1 eduction in the quality of plasma protein m the initial stage of the 
acute attack, when edema usually occurs In the cases becoming sub- 
acute and chronic there was a tendency for the plasma protein level 
to fall This reduction was pronounced in only a few cases and never 
as seveie as that seen m hpoid nephrosis and chronic nephritis In the 
cases which went on to the chronic stage, a fall in the plasma protein 
level was more commonly observed, and the determination of this 
decrease is one of the reliable prognostic guides When edema devel- 
oped during the latter periods of the acute stage in the patient whose 
condition went on to a chionic phase, a fall in the plasma protein to 
the edema-forming level was occasionally seen 

The term acute focal nonembolic glomerular nephritis is used by 
some, in contrast to acute diffuse glomerular nephritis, to designate 
cases characterized chiefly by albuminuria and the piedominance of 
red blood cells in the urine The absence of other features, like edema, 
hypertension and retention of nitrogen, is essential for this diagnosis 
We believe that the clinical differentiation between genuine acute diffuse 
glomerular nephritis and the acute nonembolic focal type is difficult to 
make We have seen the necessary symptoms on which to base a diag- 
nosis of focal nephritis in cases which proved later to be genuine diffuse 
glomeiular nephritis Some observers look on cases of mild acute 
nephritis as a form of the focal type Such mistakes in diagnosis fre- 
quently result in the lack of proper safeguards for the patient, whose 
ultimate fate is renal failure from a slow but progressive form of 
diffuse glomerular nephritis Our observations have led us to believe 
that It IS better to avoid making this clinical distinction in many cases 
in which practically none exists and to consider them as representative 
of a stage of diffuse nephiitis rather than a distinct type 

33 Peters, J P , and V an Slyke, D D Quantitative Clinical Chemistry, 
Baltimore, Williams & Wilkins Company, 1932 
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With reference to the sedimentation late of erythrocytes as a prog- 
nostic guide in nephritis, Kollert found it of some help in detei mining 
whether or not the lesion of chronic glomeiular nephritis was active or 
healing In a critical analysis of the sedimentation test in its application 
to gynecology and obstetrics, surgery and general medicine, Walton 
found that its most important use was that of a prognostic agent In 
dealing with acute nephritis Ins case 143 was of paiticular interest to 
us The patient was admitted to the hospital suffering from an attack 
of acute nephritis incidental to acute tonsillitis A rapid sedimentation 
late was found, but a month later, when all fever had subsided and 
albuminuria had ceased, another sedimentation test revealed a normal 
figure In this case the nephritis cleared up promptly, if it had not 
cleared up, the sedimentation test perhaps would have remained rapid 
The lapid sedimentation lates in many of our cases of acute nephiitis 
were independent of the febrile stage of the causal disorder 

It IS supposed by some, as pointed out by Aldrich and Boyle,®® 
that theie are cases of chronic glomerulai nephritis which develop 
slowly and insidiously without having the initial acute stage Perhaps 
a certain poition of such cases were in the umecognized class during 
the mild acute onset, and passed unobserved into the chronic foim 
Such cases frequently illustrate that mild acute glomerular nephritis 
may develop and pass unrecognized through the transitional stage into 
the chronic form in a person who is oblivious of the fact that anything 
abnormal has occuired in the kidneys We are awaie that there is no 
measuring rod with which to determine accurately the degree and extent 
of the activity of the nephritic lesion m the stage of transition or m 
the early chronic phase But if the simple methods outlined here are 
employed, it is possible that a better understanding of the true course of 
the disease may be obtained, resulting in an effort to prevent the onset 
of chionic glomerular nephritis by providing for the patient the proper 
safeguards which are often neglected 

SUMMARY 

1 In ninety-four cases of acute diffuse glomeiular nephritis the 
clinical features have been described, and essential data have been sum- 
maiized in tables Detailed information is given m tables 7 and 8 of 
twenty cases which became chronic and of ten selected cases in which 
recovery was made The age incidence in relation to outcome, the 

34 Kollert, V Nephritis, Aerztl Praxis 6 1 (Jan 15) 1932 

35 Walton, A C R The Erythrocyte Sedimentation Test, A Clinical and 
Experimental Study, Quart J Med 2 79 (Jan ) 1933 

36 Aldrich, C A , and Boyle, H H Chronic Nonspecific Nephritis Clinical 
Observations on 40 Children with Results of Treatment on Full Diets TAMA 
100 1979 (June 24) 1933 
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causes of death in twenty-se-ven cases, the etiologic agents and the chief 
clinical syndromes have been analyzed clinically 

2 Acute diffuse glomerular nephritis may result from mild foims 
of infection of the upper respiratory tract, not usually consideied as 
causal factors in acute nephritis 

3 The acute phase of glomerular nephritis may be so mild that it 
passes unrecognized, and no indication of renal damage is observed 
until the disease has progressed into the chronic stage, when renal 
msufificiency sets in 

4 Theie is a period in the course of the disease, coming after the 
early symptoms of the acute phase have subsided, that is called the stage 
of transition, in which the patient is frequently considered cured , but 
in reality the lenal lesion continues to be unhealed, and progresses 
toward the chronic stage unrecognized and untreated 

5 It has been shown that if the cases m this period are studied 
with the aid of the several simple methods given here, the true course 
of the disease may be determined Special attention has been paid to the 
blood urea clearance test and the erythrocyte sedimentation rate in 
determining whether the renal lesion has completely healed or has 
become quiescent temporarily, only to become active later on 

6 A study of cases in the stage of transition is of utmost impor- 
tance, because if the true condition is recognized at this time the proper 
safeguards may be provided which perhaps will interrupt the progress 
of the renal inflammation before chronic glomerular nephritis has come 
to full fruition 
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The literature concerning the toleiance to digitalis in clinical cases of 
coronary occlusion is meager The few reports with which we are 
acquainted consist chiefly of clinical impressions Moreover, the con- 
clusions of various observers are not entirely in agreement Herrick ^ 
stressed the great value of digitalis in coronary occlusion and suggested 
that rapid effects be sought in some cases by intravenous or intra- 
muscular injection Riesman - felt that digitalis should not be used m 
coronary occlusion, believing that because of its great damage to the 
myocardium it would do no good and might do harm Bastedo ® stated 
that m cases of coronary sclerosis and myocarditis, regardless of 
ihythm, digitalis must be used with care and never in massive doses 

Conclusions based on experiments with animals likewise are some- 
what at variance Gold ^ reported m 1925 that there was no significant 
variation in the tolerance of cats to ouabain after coronary occlusion as 
compared to those m a control group He concluded that “the experi- 
mental evidence lends no support to the fear that in coronary occlusion 
digitalis may precipitate ventricular fibrillation more readily than m the 
normal heart ” Gilbert and Fenn ° obtained a decrease m the coronary 
flow in dogs treated with digitalis which they believed was due to vaso- 

From the Robinette Foundation and the Laboratory of Research Surgery, 
University of Pennsylvania, and the Division of Cardiology, Philadelphia General 
Hospital 

1 Herrick, J B Clinical Features of Sudden Obstruction of the Coronary 
Arteries, J A M A 69 2015 (June 22) 1912 

2 Riesman, D Coronary Thrombosis, M Clin North America 6 851 

1923 

3 Bastedo, W A The Present Status of Digitalis Therapy, Ann Chn Med 
5 993, 1927 

4 Gold, H Action of Digitalis in the Presence of Coronary Obstruction 
Arch Int Med 35 482 (April) 1925 

5 Gilbert, N C, and Fenn, G K Effect of Digitalis on the Coronary 
Flow Arch Int Med 50 668 (Nov ) 1932 
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constriction They stated that a great deal of caution should be used 
in the administration of digitalis in the presence of coronary disease 

Because of the widespread tendency to use digitalis in the presence 
of any severe cardiac weakness, tolerance of the recently infarcted 
heart to digitalis and the wisdom of using this drug in large doses 
under these conditions would seem to be important 

Since the matter is a difficult one to settle by clinical observation 
alone, we attempted to study the matter further by experiments, realiz- 
ing at the same time the limitations that stand in the way of applying 
such results directly to human medicine 

METHOD 

Dogs weighing from 7 6 to 15 0 Kg were used for our experiments The 
anterior descending branch of the left coronary artery and, m some cases, the 
accompanying vein were ligated m continuity, as described m a previous report,® 
m order to produce occlusion and subsequent infarction After varying periods 
of time (from thirty minutes to six months) the tolerance of the animal to 
digitalis was determined by a method similar to that described by Burn " for the 
assay of digitalis on cats Freshly prepared tincture of digitalis diluted twenty 
times with physiologic solution of sodium chloride was given by continuous infu- 
sion into the femoral vein at a rate of 0 025 cc per kilogram of body weight per 
minute By using a tincture of about standard strength, this rate of admini- 
stration was sufficient to cause death in normal dogs m from thirty to forty-five 
minutes Light ether anesthesia and artificial respiration were used on all animals 
except in four of the control experiments on normal animals Blood pressure of 
the carotid was recorded graphically during administration of the drug At the 
conclusion of the experiment the heart was carefully removed and examined for 
pathologic changes Usually an area of infarction involving the apex, anterior 
wall and a portion of the lateral wall of the left ventricle was seen 

RESULTS 

Table 1 shows the results obtained in the assay of the tincture on 
normal dogs Two tinctures varying slightly in strength were used 
With tincture A, the lethal dose ranged from 0 8 to 0 94 cc per kilo- 
gram in four experiments in which artificial respiration was not used, 
the average being 0 85 cc per kilogram In two dogs on which arti- 
ficial lespiration was used the average lethal dose was 0 90 cc per kilo- 
giam With tincture B, the lethal dose varied from 0 84 to 1 16 in 
seven dogs and averaged 1 02 cc pei kilogram Artificial respiration 
was used on all these animals From these data it was concluded that 
the lethal dose in dogs by the method used gave figures which varied 

6 Belief, S , and Johnston, C G The Effect of Coronary Occlusion Upon 
the Initial Phase of the Ventricular Complex m Direct Chest Leads An Experi- 
mental Study, J dm Investigation 13 725, 1934 

7 Burn, J H Method of Biologic Assay, New York, Oxford University 
Press, 1928 
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within a fairly small range ® The values obtained from the lethal dose 
weie apparently slightly higher when artificial respiration was used In 
some of the dogs under artificial respiration a sudden drop in pressure 
almost to zero was noted fiom two to three minutes before death This 
pressure gradually rose again and continued for a brief peiiod before 
finally dropping to zero This preagonal drop might have been con- 
sidered the end-point in these dogs if artificial respiiation had not been 
used 


Table 1 — Standat dilation of Noimal Dogs 


Date of 



Tincture A 

Tincture B 

Time of 

Standard 


Weight, 

Lethal Dose, 

Lethal Dose, 

Infusion. 

ization 

Dog 

Kg 

Ce per Kg 

Cc per Kg 

Mm 

4/13/33 

878 

13 8 

0 80 


330 

4/13/33 

881 

12 8 

0 94 


38 0 

4/18/33 

885 

12 7 

0 82 


33 5 

4/20/33 

892 

12 0 

0 85 


34 0 

6/30/33 

1,025 

15 0 

0 92 


37 0 

5/30/33 

1,029 

12 5 

0 88 


35 5 

6/20/33 

1,043 

13 3 


1 13 

46 0 

6/20/33 

1,024 

12 0 


115 

46 0 

7/ 8/33 

6 

119 


116 

46 0 

7/ 8/33 

7 

14 0 


0 94 

37 5 

7/13/33 

8 

15 8 


086 

34 5 

7/13/33 

9 

11 2 


0 84 

33 5 

7/13/33 

10 

13 9 


1 05 

42 0 


Table 2 — Standaidisatton Four Days Aftci Operation, No' InfaicHon 
Piesent (Conti ol Animals) 


Date of 



Tincture A 

Tincture B 

Time of 

Standard 


Weight, 

Lethal Dose, 

Lethal Dose, 

Infusion, 

ization 

Dog 

Eg 

Cc per Kg 

Cc per Kg 

Min 

4/27/33 

891 

78 

0 85 


33 0 

5/ 6/33 • 

910 

90 

0 89 


37 0 

5/ 6/33 

911 

76 

0 85 


34 0 

6/18/33 

960 

79 


1 28 

515 


Table 2 shows the values obtained m the animals to which digitalis 
was administered four days after operation without coronal y occlusion 
They were subjected to the same operative procedure as the animals 
in which cardiac infarction was produced except that the coronary 
artery was not tied They therefore seiveli as excellent controls in our 
study of the effect of the operative proceduie on the tolerance to digi- 
talis The values obtained with tincture A ranged from 0 85 to 0 89 cc 
pel kilogram With tincture B the value was 1 28 cc per kilogram in 
one dog These values were practically identical with the noimal values 
obtained foi these animals with the respective tinctures, and they mdi- 

8 Ten dogs were standardized with a third tincture for another type of 
experiment The lethal dose varied from 0 96 to 115 cc per kilogram the 
maximum variation being about 10 per cent above or below the average ’ By 
the method used, the figures for standardization in the dog varied within a much 
narrower range than those in the cats 
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cated that the operative procedure per se had no eifect on the tolerance 
of the animals to digitalis four days after operation 

Table 3 shows the figures obtained in the experiments m which 
the tolerance was determined from thirty to forty minutes aftei ligation 
of the coronary artery In three of these dogs the values ranged from 
0 85 to 0 89 cc per kilogram, practically the same as those obtained in 
the normal animals In the remaining two of the five animals the values 
were even slightly higher than those obtained in normal animals The 
probable cause and significance of the latter values will be discussed 
later It may be said, however, that there was no evidence of a decrease 


Table 3 — Standaidtzahon One-Half Hour After Ligation of Anteiioi 
Descending Branch of Left Coronaiy Aitery and Vein 


Date of 

Standardization 

Dog 

Weight, Kg 

Tincture A Dethal Time of Infusion, 
Dose, Cc per Kg Mm 

4/29/33 

903 

12 0 

0 85 

54 0 

4/29/33 

904 

14 8 

0 89 

38 0 

5/ 2/33 

912 

13 0 

0 89 

35 5 

4/22/33 

894 

120 

1 00 

41 0 

5/22/33 

997 

13 2 

1 03 

413 


Table 

4 — Dogs Standaidised Foni Days After Coronary Ligation, All 
Showing Caidiac Infaictxon 

Date of 
Operation 

Date of 
Standard 
ization 

Dog 

Tmcture 
A Lethal 
Weight, Dose, Cc 
Kg per Kg 

Tincture 

B Lethal 
Dose, Cc 
per Kg 

Time of 
Infusion, 
Min 

Comment 

4/14/33 

4/18/33 

879 

16 0 

0 70 


28 0 

Lsrge infarction 

4/26/33 

iliSjZS 

858 

117 

0 65 


26 5 

Large infarction 

5/18/33 

5/23/33 

935 

87 

0 69 


280 

Large infarction 

5/20/33 

5/24/33 

991 

14 5 

0 63 


25 0 

Very large infarction 

6/14/33 

6/18/33 

993 

78 


0 77 

31 0 

Large infarction 

6/19/33 

6/23/33 

932 

15 0 


0 77 

31 0 

Medium infarction 

6/21/33 

6/25/33 

1,052 

15 0 


0 85 

34 0 

Smali infarction 


m tolerance m digitalis fiom thirty to forty minutes after ligation of 
the coronary aiteries 

Table 4 shows the results obtained when digitalis was administered 
to dogs on the fourth day after ligation of the coronary artery These 
dogs had definite infarction of the muscle of the heart which varied 
somewhat in extent in the different animals With tincture A the 
values in foui dogs ranged from 0 63 to 0 70 cc per kilogram With 
tincture B the figures for the lethal dose in three dogs were 0 77, 0 77 
and 0 85 cc per kilogram, lespectively The area of infarction m the 
last dog was quite small, its extent being less than that m any of the 
others of this group The average lethal dose was 0 8 cc per kilogram, 
as compared to 1 02 cc m the normal dogs 

These figures were definitely below the range of values obtained in 
the noimal dogs Except for one animal (dog 1052) which received 






BELLET ET AL— tolerance of dogs to digitalis 513 


tincture B and in which the infaiction was small, the tolerance of the 
animals with the acute infarction was below even the lowest figures 
of the animals m the normal control groups The decrease m tolerance 
ranged from about 20 to 30 per cent below the average for the normal 
controls In spite of the presence of cardiac damage the animals 
appeared to be m fan condition before the final assay In general, the 
dogs showing the largest infaiction exhibited the poorest tolerance to 
digitalis 

Table 5 shows the values obtained in four dogs m which ligation 
of the coronary artery was performed from six weeks to six months 
before assa)’’ These animals had infarctions involving the apex and 
the lover poition of the anteiior wall of the left ventricle During the 
chronic stage the extent of infarction was considerably less than in 
the acute stage These animals weie studied electrocardiographically 
during this period, and tracings taken in the latter pait of this period 


Table S — Standai dicafwn in Chionic Infaiction 



Date of 



Lethal Dose Lethal Dose 

Time of 

Date of 

Standard 


V eight. 

Tincture A, 

Tincture B, 

Infusion, 

Operation 

ization 

Dog 

J^g 

Cc per Ivg 

Cc per Lg 

3Iin 

10/20/32 

5/ 4/33 

328 

11 8 

0 75 


29 5 

10/21/32 

5/ 4/33 

201 

13 0 

0 75 


30 0 

5/30/33 

7/13/33 

803 

15 6 


0 79 

32 3 

5/30/33 

7/15/33 

OoO 

90 


100 

40 0 


showed a considerable leturn to normal, indicating that healing had 
taken place The lethal dose for these animals was 0 75 cc per kilogram 
with tincture A In two dogs standardized with tincture B six weeks 
after ligation of the coronary arteiy the lethal dose was 0 79 and 1 cc 
per kilogiam, respectively Both animals showed an area of chronic 
infaiction about 2 cm m diameter involving the anterior wall of the 
left ventricle near the apex In three of the four animals with chronic 
infarction the lethal dose was below that required for the noimal, and 
the values obtained ranged approximately between those obtained for 
the animals with acute infarction and those for the normal controls 
In one dog the lethal dose was within the normal range 

COMMENT 

Choice of the experimental animal is not an unimportant matter 
In our early experiments we used the cat, as did Gold ^ m somewhat 
comparable experiments We discarded this animal for the dog for two 
reasons First, the end-point m the cat, as determined by the fall m 
blood pressure to zero, was often gradual and not rapid Second, cats 
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withstand ligation of the coronary arteiy quite well,** and are often 
resistant to the inception of ventricular fibrillation We were able to 
ligate both coronary arteries in some of these animals without ventricu- 
lar fibrillation occurring Moreover, in the instances in which ligation 
of isolated coionaiy arteiies produced ventricular fibrillation, this 
arrhythmia not infrequently reverted spontaneously to a normal rhythm 
We never observed this in the dog, although raie instances of recovery 
from ventricular fibrillation under these conditions have been reported 

Theie appears to be a sound physiologic reason why the heart of 
the cat IS moie refractory to the development of ventricular fibrillation 
than that of the dog McWilham®" noted that spontaneous lecovery 
from ventriculai fibi illation took place readily in the heart of the cat, 
rabbit, mouse, hedgehog and fowl in contrast to the hearts of larger ani- 
mals He found that the large beef heait, for example, entered into the 
fibrillary state with the gi eatest ease and caprice Garrey demon- 
strated that the ease with which the fibrillary process may be induced, 
and with which spontaneous recovery fiom the fibrillary contractions 
takes place is, in general, inversely propoitional to the mass of fibrillary 
tissue 

In view of these considerations, we discontinued the use of the cat in 
favor of the dog after a few preliminary experiments because we 
felt that the effects of ligation of the coronary artery in the larger 
heart of the dog were more comparable to those obseived in the human 
heart Dogs proved quite satisfactory for these experiments By the 
method used they were standardized with a fair degree of accuracy and 
the end-point, as denoted by a sudden drop in blood pressure m prac- 
tically all cases, was definite and clearcut 

RELATIONSHIP BETWEEN THE STAGE OF INFARCTION AND 
THE tolerance TO DIGITALIS 

Ligation of a coronary aitery sets off a series of events in the 
muscle involved that lasts foi a variable period of time (from four 
to SIX weeks) until the chronic stage is reached First, there are 
inaugurated the processes that lead to death and neciosis, which may 
not reach their maximum development for several days after coronary 

9 (a) McWilliam, A Fibrillar Cohtraction of the Heart, J Physiol 8 296, 
1887 (5) Garrey, W E The Nature of Fibrillary Contraction of the Heart' 

Its Relation to Tissue Mass and Form, Am J Physiol 33 397, 1914 

10 Porter, W T The Recovery from Fibrillary Contractions, Am J 
Physiol 1 71, 1898 

11 In our initial e’^penments with cats no definite diminution m tolerance 
to digitalis was noted, even with definite myocardial mfaction from six to eleven 
days after ligation of the coronary artery In these instances the end-point was 
not clearcut, and the fall in blood pressure was gradual and was maintained over 
■a relatively long period 



BELLET ET AL^TOLERANCE OF DOGS TO DIGITALIS 515 

occlusion These are followed by the slower processes of healing At 
varying stages in this somewhat protracted process, the histologic condi- 
tion of the muscle varies greatly 

In the chronic stage, for example, six weeks or more after ligation 
of the coronary artery, the muscle is demonstrably abnormal only to 
the extent of having a scar, all evidences of inflammation and necrosis 
having been removed In contrast, in the acute or subacute stage, a few 
days after ligation, the involved myocardium shows inflammation, 
edema and necrosis, and the muscle is thick, boardhke and probably 
noncontractile 

In a still earlier stage, from a few minutes to one-half hour after 
ligation, in spite of the presence of currents of injury as revealed by 
the electrocaidiograph, no histologic evidences of infarction are 
present For some time after occlusion, the changes in the muscle are 
probably reversible , i e , if circulation can be restored, the muscle will 
return to normal We saw this occur in two dogs when a ligature, 
applied tightly enough to produce typical electrocardiographic effects, 
and known to have been effective for at least fifteen minutes, subse- 
quently slipped and permitted the muscle to be entirely restored to 
normal, so far as histologic and electrocardiographic studies revealed 

Between this stage and that of maximum necrosis, the changes 
undergone by the muscle are great and more or less progiessive Just 
when the stage of maximum necrosis is reached we do not know, but 
we suspect that from twenty-four to forty-eight hours at least are 
required for its full development We suspect this not only because 
of the histologic observations made on the hearts used in these experi- 
ments, but because of electrocardiographic studies of coronary occlusion 
in hearts of both dog and man It is a common experience to find that 
the curves obtained by semi-direct leads of the chest do not reveal their 
maximum change for twenty-four hours, or even longer, after occlusion 
has taken place ® 

Feeling that the tolerance to digitalis after coronary occlusion might 
be directly related to and depend on the degree of pathologic change in 
the involved muscle, we made our determinations during three stages 
of this complicated process one-half hour after ligation, fiom three 
to four days after occlusion and m the period of from six weeks to 
six months after the original ligation 

As we have already pointed out, our results indicated a rather strik- 
ing diminution of tolerance in the stage of maximum necrosis, a slightly 
diminished tolerance in the chronic or healed stage and a normal toler- 
ance in the period of from thirty to forty minutes a^ter closure of the 
coronary artery Moreover, the degree of diminished tolerance noted 
during the stage of necrosis appeared to be proportional to thd size 
of the necrotic area That the operation itself had no effect on the 
tolerance to digitalis was shown by the results obtained in the animals 
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which had been subjected to exactly the same operative proceduie as 
those with myocardial infarction, with the exception that the coronary 
arteries were not ligated The tolerance of these animals to digitalis 
was within noinial limits (table 3) 

These results point to conclusions that are different from those 
drawn by Gold^ from somewhat comparable experimental work His 
method, however, differed from ours in two important respects First, 
he used cats which, as we have already pointed out, appear to with- 
stand ligation of the coionary arteiy particularly well Second, his 
determinations of tolerance were made at a relatively early stage in the 
process of infarction, from forty minutes to twenty-four hours after 
ligation 

Because of physiologic leasons alieady cited, we feel that results 
obtained in dogs are more apt to be applicable to man than those 
obtained in smaller animals Therefore, we believe that our conclusions 
have ceitain implications, at least in the human problem We are more 
willing to give them weight in this connection because they coincide 
with oui clinical impressions, which lean strongly to the view that the 
more damaged the heart is, the less is its tolerance to digitalis 

SUMMARY 

The tolerance of dogs to digitalis was determined at various intervals 
of time after ligation of the coronary artery one-half hour after 
ligation of the coronaiy aitery, four days later (during the stage of 
acute and subacute infarction) and from six weeks to six months later 
(during the stage of chronic infaiction) The tolerance of these ani- 
mals was compaied with that of animals in a normal control series 
Dogs standardized within one-half hour after ligation showed no 
diminution in tolerance to digitalis as compared with those in a control 
group During the stage from acute to subacute infarction there was a 
diminished tolerance to digitalis which averaged from about 20 to 
30 per cent below the average of the figures for the nonnal controls 
In the animals with chronic infarction, in which the area of infarc- 
tion was considerably smaller than in the acute or subacute stage (stan- 
dardized from six weeks to six months after ligation of the coronary 
artery), the tolerance was less than that of the noimal animals but 
higher than that of the group with the subacute infaictions 

The diminution in tolerance after ligation of the coronary aitery 
apparently depends on the presence of infarction and probabl)'' also on 
the extent and stage of the infarcted area These findings lend suppoit 
to the clinical impression that digitalis in massive doses may be dan- 
gerous during the stage of subacute and chronic infarction, and that it 
should be used with caution in such cases 

Dr A N Richards placed the facilities of his laboratory at the disposal of 
the authors, and Dr C F Schmidt furnished valuable advice 



RELATIONSHIP BETWEEN OXYGEN CONSUMPTION 
AND NITROGEN METABOLISM 

IV EXPERIMENTS ON ANIMALS 
C W BALDRIDGE, MD 

IOWA CITY 

Variations in the late of oxygen consumption are met with m 
numerous conditions in which no disturbance in thyroid function has 
been recognized Prominent among such conditions are the hemato- 
poietic diseases In a series of investigations I have attempted to 
evaluate some of the abnormal physiologic processes in the blood 
dyscrasias in terms of their effect on the oxidative piocesses of the 
organisms as a whole Studies have been made on patients with per- 
nicious anemia, leukemia and polycythemia vera, as well as on dogs with 
acute hemorrhagic anemia, hemolytic anemia, induced polycythemia and 
phlorhizin diabetes 

The previous communications concerning peimcious anemia, leukemia 
and polycythemia vera will be bnefly summarized The reader is 
referred to the original publications for details and bibliographies 

STUDIES ON MAN 

Permaous Anemia — The object of the studies of pernicious anemia, 
which were carried out by my associates and me was to determine the 
effect of rapid erythi opoiesis on the total oxygen consumption Ten 
patients with severe pernicious anemia were studied, and part of the 
data have been published ^ The pertinent information derived from 
these studies may be summarized as follows 

1 In eight of the ten patients the total oxygen consumption 
decreased duiing the period of most rapid erythropoiesis In the other 
two patients theie was no significant change in the gaseous metabolism 
In the eight cases the total decrease in basal metabolic rate vaiied from 
50 to 15 per cent In patients who were without fever and for whom 
the control peiiods were sufficiently long the deciease was found to be 
between 15 and 20 per cent This drop occurred regardless of whether 
the control level was above oi below the calculated normal 


From the Department of Physiology, University of Chicago 

1 Baldridge, C W, and Barer, A Studies on the Relationship Between 
Oxygen Consumption and Nitrogen Metabolism I In Pernicious Anemia. T 
Clin Investigation 10 529, 1931 
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2 During the period of rapid erythropoiesis and decreased oxygen 
consumption there was moderate storage of nitrogen m all of the four 
cases in which nitrogen balances were determined 

3 One large dose of liver extract per week by mouth caused the 
same gradual decrease in oxygen consumption which occurred with 
smaller daily doses 

4 In nearly every instance the total ox3'^gen consumption gradually 
decreased throughout the reticulocytic crisis 

5 It IS obvious that the formation of blood greatly exceeded the 
destruction of blood during the period of decreasing oxygen con- 
sumption 

Leukemia — Chronic leukemia under treatment by irradiation affords 
a circumstance m which the destruction of blood temporarily exceeds 
the formation of blood Nine patients with chronic leukemia were 
studied before and after irradiation, and the data have been published ^ 
The reader is referred to this publication for details of the metabolic 
studies and for a discussion of the existing theories as to the cause of 
the increased gaseous metabolism in leukemia 

The results of our investigations on leukemic patients may be sum- 
maiized as follows 

Following a large dose of roentgen irradiation there is an abrupt 
increase in the excretion of nitrogen The nitrogen balance becomes 
negative, owing to decreased ingestion and inci eased endogenous 
nitrogen catabolism The total oxygen consumption increases within 
SIX hours after irradiation, and the increase may last for four days 
or may disappear within twenty-four hours The magnitude and 
duration of the increase in gaseous metabolism seem to depend on the 
degree and duration of protein catabolism occasioned by the irradiation 

After the preliminary increase in the excretion of nitrogen which 
follows irradiation, the urinary nitrogen gradually deci eases, often to 
a level below that of the control period During this period of lowered 
catabolism of protein the nitrogen balance becomes positive, and the 
gaseous metabolism decreases 

Polycythemia Veia — In polycythemia vera, the destruction of blood 
can be made to exceed the formation of blood by the administration of 
phenylhydrazme Two patients with polycythemia vera were studied dur- 
ing intoxication by phenylhydrazme, and the data have been reported ® 

2 Baldridge, C W , and Barer, A Relationship Between Oxygen Con- 
sumption and Nitrogen Metabolism II In Leukemia, Arch Int Med 51 589 
(April) 1933 

3 Barer, A , Paul, W D , and Baldridge, C W Studies on the Relation- 
ship Between Oxygen Consumption and Nitrogen Metabolism III In Poly- 
cythemia Vera, J Clin Investigation 13 IS (Jan ) 1934 
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The results of our studies of leukemia and polycythemia vera were quite 
similar so far as the lelationship between nitrogen catabolism and 
oxygen consumption was concerned Phenylhydrazine produced a 
marked decrease m the number of erythrocytes, a negative nitiogen 
balance, due largely to the increased catabolism of protein, and an 
increase in the basal metabolic rate No attempt has as yet been made 
to establish a quantitative lelationship between the loss of endogenous 
nitrogen and the increase m oxygen consumption by the body, but the 
destruction of nonnucleated erythrocytes by phenylhydrazine seems to 
lequire about as much oxygen per gram of nitrogen as does the destruc- 
tion of nucleated leukemic cells b> irradiation 


ADDITT02-TAL STUDIES ON ANIMALS 


The oxygen consumption of the dogs was measured by the Benedict closed 
circuit apparatus with attachments described by Kundc* Four well trained dogs 
were used Before control periods were begun, tests were made daily for periods 
of ten, thirteen and twenty-eight days, respectively, on three previously trained 
dogs Dog 4 had not previously been trained, so that a control period was not 
begun until the oxygen consumption was fairly constant and the average for 
several days was below the calculated normal consumption Tests were made at 
about the same time each day, at least twenty hours after food was taken and 
after a preliminary period of rest of at least twenty minutes The tests were run 
for twenty minutes, and calculations were based on the last fifteen minutes of this 
period Determinations were made daily without exception over a period of about 
eight months On a few occasions when extraneous influences of one kind or 
another caused the dogs to move, the tests were repeated Seven times the second 
test was unsatisfactory, and though it was recorded, it was not used m the calcu- 
lations of averages Two other determinations were unsatisfactory because the 
dogs obtained food by mistake Thus, of a total of eight hundred determinations, 
nine were considered to be unsatisfactorj One dog suffered a short febrile illness 
after bleeding, which invalidated the results of one experiment (dog 3, chart 4) 

According to the work of Kunde and Steinhaus,^ the average basal metabolism 
of normal dogs is 7712 calories per square meter each twenty-four hours This 
figure has been used as the normal, and the surface area has been calculated from 
Meeh’s formula ^ As no attempt has been made to compare the metabolism of 
one animal with that of another, there is no need to discuss the shortcomings of 
tlie Meeh formula for the determination of the surface area of the dog All of the 
temperatures were taken rectally 

Hemorrhagic anemia was produced by bleeding the dogs with a needle from 
the jugular or femoral veins About 25 cc of blood per kilogram of body weight 
was removed on each of two successive days The blood was removed just after 
the determination of the basal metabolic rate on the day indicated 

Transfusions were done by the indirect method, the blood being given by means 
of gravity Fifty cubic centimeters of 2 5 per cent sodium citrate solution was used 


4 Kunde, M M The After Effects of Prolonged Fasting on the Basal 
Metabolic Rate, J Metab Research 3 399, 1923 

5 Kunde, M Af , and Steinhaus, A H Studies on Metabolism IV The 
Basal ]Metabolic Rate of Normal Dogs, Am J Physiol 78 127 (Sept) 1926 
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as an anticoagulant for each transfusion About SO cc of whole hlood per kilo- 
gram of body weight was given in experiments 5, 6 and 7 In experiment SB, 
dog 1 died the day after receiving 375 cc of whole blood The blood given in 
experiments 5, 6 and 7 was found to be compatible by cross-matching The blood 
given to dog 1 in experiment SB w’as from the donor that had been used m the 
three transfusions for dog 1 in experiment 5, but cross-matching was not done 
before the last and fatal transfusion 

The citrated plasma which was given intravenously in experiments SA and 9B 
was obtained from the donors from which these recipients had previously received 
transfusions of whole blood In each instance the whole blood had been diluted 
with 50 cc of 2 5 per cent sodium citrate, and the citrated plasma obtained by 
centrifugation 

In experiments 9 A, IQ A and B and 11^ the corpuscles and plasma were 
separated by centrifugation, and the corpuscles were hemolyzed by the addition of 
distilled water 

The charts for the experiments with phlorhizin are almost self-explanatory 
One gram of phlorhizin was given in each instance Merck’s phlorhizin was 
recrystalhzed from alcohol as suggested by Lusk ® The recrystallized phlorhizin 
was dried and suspended m sterile olive oil for subcutaneous injection The loss 
of nitrogen through the feces and hair was not determined m these animals 

The diets were as follows 

Dogs 1 and 2, from June 22 to July 13, 1931, were given 250 Gm of chopped 
beef lung, 225 Gm of bread, 250 cc of milk and about 20 Gm of bone meal daily 
in one feeding From July 14 to October 9, 200 Gm of chopped beef lung was 
given, the other constituents were unchanged From October 10 until the death 
of dog 1 on December 2 and until the beginning of the phlorhizin experiment in 
dog 2 on December 17, the chopped beef lung was reduced to 150 Gm daily, with 
no other change in the diet 

Dog 3 was given chopped beef lung as follows from June 22 to July 13, 1931, 
300 Gm daily, from July 14 to October 9, 250 Gm daily and from October 10 
to Jan 9, 1932, 200 Gm daily The amounts of bread (225 Gm), milk (250 cc ) 
and bone meal (about 20 Gm ) remained constant from June 22, 1931, to Jan 9, 
1932 

Dog 4 was obtained on July 21, 1931 , his diet corresponded with that of dogs 1 
and 2 unbl the beginning of the experiment with phlorhizin on December 24 

Liver extract, when given, was given m addition to the regular diet Liver 
extract with iron (equivalent to 300 Gm of whole liver) was given daily for 
twenty days to each of the dogs that were bled In dog 3 it was begun immedi- 
ately after bleeding while in dogs 1 and 2 it was started ten days after bleeding 

Several determinations were made in addition to the metabolic studies The 
weight, pulse rate, respiratory rate, temperature, hemoglobin (Sahh), hematocrit 
value and erythrocyte and leukocyte counts were determined daily For these 
determinations 1 cc of blood was withdrawn from a vein and added to a few small 
crystals of neutral potassium oxalate Care was taken to prevent settling of the 
corpuscles 

RESULTS 

Acute Hemoii hagic Anemia — ^After control periods of twelve, 
twelve and fifteen days, respectively, dogs 1, 2 and 3 were bled about 

6 Lusk, G The Science of Nutrition, Philadelphia, W B Saunders Com- 
pany, 1928, p 626 
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25 cc per kilogram of body weight on each of two successive days 
(charts 1, 2, 3 and 4) The dogs had been in the laboratory for many 
months and had been on an adequate diet, so that the blood counts o 
the controls were higher than the average for recently impounded dogs 
After bleeding there was a gradual restitution of hemoglobin and 
erythrocytes in each instance The previous normal level was reachec 
in about twenty days, while at the end of thirty days after bleeding 



Chart 1 (dog 1) — Two hundred and seventy cubic centimeters of blood was 
drawn on July 13, and 270 cc on July 14, 1931, as indicated by the arrows The 
dog weighed 11 5 Kg, and the blood volume of all of the dogs was estimated to 
be 100 cc per kilogram of body weight The control period was twelve days, but 
on one day the metabolism test was unsatisfactory Liver extract with iron 
(equivalent to 300 Gm of whole liver per day) was given for twenty days begin- 
ning ten days after bleeding, as indicated by the parallel lines in the upper right 
hand corner Here, as in all of the subsequent charts, the control average and the 
averages for ten-day periods during the experiment are indicated by horizontal 
lines through the curve of the basal metabolic rate 
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there was a distinct and permanent overcorrection in the hemoglobin and 
the number of erythrocytes During the first ten days of this period of 
rapid formation of blood the average oxygen consumption was found 
to be 7 1, 7 9 and 9 3 per cent, respectively, below the control averages 
The basal metabolic rates continued low throughout the entire period 
of blood regeneration, during which all of the dogs gained in weight 
(0 4, 1 and 1 2 Kg , respectively) Nitrogen balances were not deter- 



Chart 2 (dog 2) — Two hundred and seventy cubic centimeters of blood was 
drawn on July 20, and 285 cc on July 21, 1931 Liver extract was given as in 
the previous instance (dog 1) 

mined, but it is assumed for obvious leasons that the animals were 
storing nitrogen as well as carbon during the period of recovery 

Dog 3 was bled again at a later date, but an acute febrile illness 
with vomiting, anorexia and loss of weight followed immediately after 
the bleeding, so that the results of the expeiiment were completely 
invalidated 
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The literature on the subject under consideration, though not exten- 
sive, IS in direct contrast to these results Eberstadt found that the 
gaseous metabolism in rabbits with hemorrhagic anemia was increased, 
and Roily ® reported a similar rise in the oxygen consumption of dogs 
after bleeding Logical objections to the work of these investigators 



Chart 3 (dog 3) — Three hundred and twenty-five cubic centimeters of blood 
was drawn on July 28, and 280 cc on July 29, 1931 Liver extract was given for 
twenty days, starting immediately after bleeding 

can be based on the fact that determinations on controls were few and 
on the fact that there was no evidence that the animals had been 

7 Eberstadt, F Ueber den Einfluss chronischer experimenteller Anamien 
auf den respiratorischen Gaswechsel, Arch f exper Path u Pharmakol 71 329 
1913 

8 Roily, F Ueber den respiratorischen Gaswechsel bei chronisch anamischen 
Zustanden, Deutsches Arch f kbn Med 114 605, 1914 
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trained Hawk and Gies ® found a negative nitrogen balance in dogs 
after severe hemorrhage However, the blood was let under ether 
anesthesia, and the arteries were cannulated and tied off after the blood 
was obtained The femoral artery or some of its branches were used 
and were permanently occluded Some slight increase in the urmar)'’ 


Ocf Mov Dec 
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Chart 4 (dog 3) — Three hundred and eighty cubic centimeters of blood was 
drawn on October 27, and 330 cc on October 28 The dog was acutely ill with 
fever, vomiting and anorexia for three days after the last bleeding There was a 
loss of about 0 5 Kg in weight This result may be similar to those obtained 
by Hawk and Gies ^ m which there was loss of nitrogen following severe or 
repeated hemorrhages 

nitrogen after bleeding may be due to the “washing out” effect of the 
large amount of water consumed The permanent occlusion of such 

9 Hawk, P B , and Gies, W J The Influence of External Hemorrhage on 
Chemical Changes in the Organism, with Particular Reference to Proteid Cata- 
bolism, Am J Physiol 11 171, 1904 
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larse arteries as the femoral artery might be expected to lead to death 
of tissue and therefore actual catabolism of protein Extensive and 
repeated hemorrhages may influence the dog’s general metabolism 
adveisely, while moderate hemorrhages would not Although the 
metabolism of all three of the animals remained permanently lower 
after the bleeding, the following conclusion seems justifiable During 



Chart 5 (dog 1) — Blood transfusions were given on August 25, 26 and 27 
The amounts were 275, 190 and 155 cc, respectively, and m each instance 50 cc 
of 2 5 per cent sodium citrate was used as an anticoagulant 

recovery from acute hemoiihagic anemia of moderate degree in dogs 
theie IS a decrease in oxygen consumption which is comparable with 
that seen in patients with pernicious anemia during the recovery which 
IS induced by liver extract 

Ti ansfit^ion of Whole Blood — Dogs 1 and 4 were given trans- 
fusions of compatible whole blood in quantities equivalent to about 
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50 cc per kilogram of body weight (charts 5, 6, 7 and SB) Trans- 
fusions were given to dog 1 on three successive days and were begun 
forty days after the previous experiment with bleeding The weight, 
blood count and oxygen consumption had reached constant levels before 
the transfusions were given Dog 4 had not been bled previously, and 
neither dog had been given a transfusion pieviously 

Acff Sept 



Chart 6 (dog 4) — Transfusions were made on Aug 26 and 27, 1931 The 
amounts of blood given were 180 and 245 cc Several determinations of basal 
metabolism were considered to be unsatisfactory because the dog moved These 
rates are indicated by dots but are not connected by solid lines and were not 
used in computing averages 

The responses in the two dogs weie parallel There was an immedi- 
ate increase in hemoglobin and hematocrit values and in erythrocyte 
counts The hematocrit values remained fairly constant for ten days in 
dog 1 and for sixteen days in dog 4 The hemoglobin values seemed 
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to fall off gradually in both dogs, but the eiythrocyte counts paralleled 
the hematociit values rathei well Both dogs showed a gieater bss 
of blood duiing the second period of ten days after tiansfusion than 

during the first period of ten days 

The basal metabolic rate increased as the volume of coipuscles 
decreased For the first ten days after transfusion the basal metabolic 
rate was slightly above the control average, 2 3 per cent in dog 1 and 



Chart 7 (dog 2) — Two hundred and sixty cubic centimeters of blood was 
given on October 27 and 330 cc on October 28 

4 6 per cent m dog 4 In the second period of ten days the average 
basal metabolism was 6 per cent above the control m dog 1 and 8 pei 
cent above the control in dog 4 In each dog, the blood count and the 
oxygen consumption returned approximately to normal during the thud 
period of ten days after transfusion It is admitted that the diffeieiices 
in basal metabolic rates in these experiments are slight, especially m 
view of the many variable factois influencing the deteimination of the 
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oxygen consumption by the method employed However, the orderli- 
ness and parallelism of the changes in the two animals and especially 
the correlation between the oxygen consumption and the loss of blood 
are striking enough to appear significant Changes in body temperature 
were slight and bore no apparent relation to the changes m oxygen 
consumption 


SepI- Ocf Mo\/ 

Z5 I 7 19 25 5 / 6 IZ Id ZA 50 



Chart 8 (dog 1) — A, 200 cc of citrated plasma was given intravenously on 
September 30 B, 375 cc of whole blood was given intravenously on Dec 1, 1931 
The dog died on December 2 

A similar experiment was performed in the case of dog 2, but condi- 
tions were different in one regard On Sept 1, 1931, dog 2 received 
subcutaneous injections of the plasma and hemolyzed corpuscles from 
275 cc of compatible blood On September 30 a further injection of 
265 cc of citrated plasma was made intravenously On October 27 and 
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28, dog 2 received transfusions totaling 590 cc of whole blood from a 
diffeient but compatible donor This transfusion led to the usual 
immediate increase in the hemoglobin, volume of corpuscles and erythro- 
cyte count, but loss of blood set in on the fifth day instead of after 
from ten to sixteen days, as had been the case in dogs which had not 
previously received transfusions This earlier loss of blood was associ- 
ated with an earlier increase in the basal metabolic rate The aveiage 
basal metabolic rate for the ten days following transfusion was 5 2 per 



Chart 9 (dog 2) —A, the plasma and hemolyzed corpuscles from 275 cc of 
blood were injected subcutaneously on September 1 B, 265 cc of citrated plasma 
was administered intravenously on September 30 

cent above the control average The average of the results of the 
determinations made during the second period of ten days showed that 
the gaseous metabolism was 2 4 per cent below the control average The 
data in this experiment lend suppoit to the assumption that there is a 
causal relationship between the loss of blood and the mciease in oxyaen 
consumption 

In an effort to study this process in a more accentuated foim doa 1 
was given a transfusion of 375 cc on Dec 1, 1931 Pi evious’ trails- 
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fusions in the case of this dog included intravenous injections of vi^hole 
blood in amounts of 275, 190 and 155 cc on Aug 25, 26 and 27 , 1931, 
and an injection of 200 cc of citrated plasma on September 30 All 
of the transfusions were made from the same donor, the blood of which 
was originally compatible 

The basal metabolism, which duiing the control period had averaged 
4 5 per cent below normal, increased to 31 4 per cent above normal 
on the day after the transfusion With this rise in the gaseous metabo- 



Chart 10 (dog 3) — A, the plasma and hemolyzed corpuscles from 325 cc of 
blood were injected subcutaneously on September 1 B, the hemolyzed corpuscles 
from 320 cc of blood were given subcutaneously on September 20 

hsm the temperature dropped from 101 5 to 99 8 F Latei in the day 
the dog died Necropsy revealed intense congestion of the spleen, liver 
and lymph nodes, with dark blood in the gasti o-enteric tract and hemor- 
rhages into most of the mucous surfaces Paresis of the caudal half 
of the body, which appeared soon after the tiansfusion, was unexplained 
at neciopsy 

Hemolyzed Corpuscles and Plasma — In order to speed up the 
catabolism of the hemoglobin of transfused blood, hemolyzed erjthro- 
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cytes were injected into two dogs (charts 9 A, 10^ and \l A) The 
corpuscles were hemolyzed in distilled water, and plasma and hemolyzed 
corpuscles were injected subcutaneously Dog 2 received 275 cc of 
whole blood so tieated, and dog 3 was given the plasma and hemolyzed 
corpuscles from 325 cc of blood 

There was a prompt outpouring of blood pigments in the urine The 
mine was black and gave positive qualitati-ve tests for bile pigments and 



Chart 11 (dog 4) — A, the hemolyzed corpuscles from 275 cc of blood were 
given on September 30 B, from October 28 to November 15 almost daily injec- 
tions of distilled water were made intravenously Thirty cubic centimeters was 
injected daily for ten days, after which injections of the following amounts were 
made each day 100, 150, 200, 200, 200, 300, 300, 0 0 and 300 cc Twice the basal 
metabolic rate was determined at hourly intervals after injections of 300 cc (see 
text) Hemoglobin appeared in the urine after seven of the injections of distilled 
water 

for hemoglobin There was also rather marked piotemuiia There 
was a slight increase in temperature, but in neither case did the tempera- 
tuie exceed the high point in the control peiiod Following the injec- 
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tions there was an abrupt rise m the oxygen consumption, which was 
followed by a gradual fall extending over the succeeding twenty days 
The number of erythrocytes and the amount of hemoglobin in the 
recipient’s blood were not affected by this procedure The urine 
remained dark for seveial days 

In these, as in the preceding experiments, the increased oxygen 
consumption coincided with the period of assumed protein catabolism 
Nitrogen balances, however, were not determined 

At a later date dogs 3 and 4 received injections of hemolyzed 
corpuscles without plasma (charts 10 B and 11 A) The amounts were 
smaller, hemoglobin from 180 cc of blood injected into dog 3 and from 
275 cc of blood injected into dog 4 The results were similar to those 
m the preceding experiments except that the increase in ox3''gen con- 
sumption was less marked in spite of the fact that the increase in 
temperature was greater 

An attempt was made to study the effects of m vivo hemolysis by 
distilled water m dog 4 (chart 11 B) Distilled water was injected 
intravenously in amounts vaiying fiom 30 to 300 cc Hemoglobin 
appeared m the urine on seven occasions, and there was a loss of 
about 5 Gm of hemoglobin per hundred cubic centimeters of blood 
during a period of nine days However, the oxygen consumption as 
determined twenty-two houis after the injections remained normal On 
two days determinations made at liouily intervals aftei the injections 
showed maximum increases of 14 and 69 per cent On the second day 
the increase lasted at least ten hours, but theie were a chill and an 
elevated temperature which invalidated the result On the first day, 
which presents no doubt the more accurate picture of the changes, the 
control basal metabolic rate was 3 5 per cent below normal After the 
rapid injection of 300 cc of warm distilled water the rates at hourly 
intervals were as follows plus 10 4, plus 9 4, plus 8 7, plus 8 9, plus 2 3 
and plus 6 4 per cent Here, as m the preceding experiments, hemo- 
globinuria was accompanied by proteinuria It is lecognized, of course, 
that the nitrogen appearing in the uime as piotem or amino-acids must 
be deducted from the total nitrogen m ordei to estimate catabohzed 
protein nitrogen 

Plasma Administered Inti avenoiisly — Citrated plasma was injected 
intravenously in dogs 1 and 2 (charts 8 A and 9 B) The results were 
m part unexpected Dog 2 received 265 cc of citrated plasma on 
Sept 30, 1931 On the day following the injection, the oxygen con- 
sumption was about 6 per cent greater than on the da}'^ preceding the 
transfusion, while the average for the ten days following transfusion 
was about 1 per cent higher than the control average The hemoglobin, 
hematocrit value and erythrocyte count were unaffected by this pro- 
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cedure The dog had had only one pievious injection of plasma and 

hemolyzed corpuscles fiom the same donoi 

The case of dog 1 was different (chait 8^) Intravenous injec- 
tion of 200 cc of citrated plasma was made as in dog 2 The basal 
metabolic rate, which was 13 per cent below noimal on the day before 
the injection, was only 2 per cent below normal on the following day 
The average oxygen consumption for the fiist ten days after the injec- 
tion of plasma was 8 5 per cent above the contiol level, while the 
average for the second peiiod of ten days was 11 5 per cent above 
the contiol level This increase in oxygen consumption was associated 
with a loss of hemoglobin from about 15 to about 8 Gm pei hundred 
cubic centimeteis of blood and a coriesiionding decrease in hematocrit 
value and erythrocyte count Unfortunately, estimations of the urobilin 
and urobilinogen content of the stools and urine and nitiogen balances 
weie not made, so that it is not possible to attribute the loss of blood 
d.efinitely to hemolysis Recover}'- of the blood elements was complete, 
however, a circumstance which makes it unlikely that the loss of blood 
was due to aplasia of the bone mariow 

In these expeiiments it appears that destruction of blood was pro- 
duced in one animal and not in the other It further appeals that a 
rather nicely controlled experiment showing the effect of the desti ac- 
tion of blood on the total oxygen consumption has been unwittingly 
accomplished The results aie in complete accord with the general 
thesis, 1 e , that the oxygen consumption is increased by increased 
endogenous piotein catabolism 

Dmhctes Caused by the Admmistiatwn of Phloihizm — Phlorhizin 
diabetes seemed to present the most ideal situation foi putting the 
previously suggested general thesis to a ciucial test (charts 12, 13 
and 14) In the phlorhizinized animal endogenous piotein catabolism 
proceeds at a greater rate than in any othei nonfatal condition that I 
know As the effects of phlorhizin disappear, the animal is left in 
good health, except that his protein is much depleted Such a condi- 
tion should therefoie be ideal for the study of the effects of endogenous 
protein catabolism as well as of the effects of marked letention of 
nitrogen in the laboratory animals It was demonstiated by Rubnei 
that the specific dynamic effect of catabohzed protein of endogenous 
origin could account for the marked increase in oxygen consumed by 
the fasting phlorhizinized dog Fiom such calculations Lusk concluded 
that protein of endogenous oiigin exeits the same specific dynamic 
effect as a similai amount of exogenous protein To my knowledge, 
no one has previously studied the oxygen consumption of animals dur- 
ing the period of nitrogen stoiage in the recoveiy from diabetes due 
to the administration of phloihizin 


10 Rubner, M Die Gesetze des Energie verbrauchs bei der 
Leipzig, Franz Deuticke, 1902, p 370, quoted by Lusk, <5 p 282 


Ernahrung, 
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Dog 2 was given the regular diet up to and including Dec 15, 1931 
After the determination of the basal metabolism on December 16, 
1 Gm of phlorhizin was injected subcutaneously No more food was 
given for eight days, during which there was evidence of marked 
endogenous protein catabolism The D N ratio reached only 1 93, so 
that the animal was not completely phlorhizinized On December 24, 
food, consisting of 225 Gm of bread, 250 cc of milk and 20 Gm of 
bone meal or 4 6 Gm of nitrogen, was allowed The oxygen con- 


Dsc 1931 Jbn I93Z Feb 

6 fZ 18 24- 30 5 II 17 Z3 Z9 4. 10 



Chart 12 (dog 2) — The first arrow (trom left to right) indicates the begin- 
ning of the fast and the administration of 1 Gm of phlorhizin subcutaneously on 
December 16 The second arrow indicates when food was first given, on Decem- 
ber 24, 225 Gm of bread, 250 cc of milk and about 20 Gm of bone meal The 
third arrow indicates the return to the normal diet The nitrogen balance is not 
accurate, since fecal nitrogen and the nitrogen lost in hair were not determined 
The irregularity in the output of urinary nitrogen was caused by the fact that 
the dog had been conditioned not to urinate in a cage 

sumption, which had been falling to about parallel with the fall in 
nitrogen catabolism, continued to fall with the ingestion of the afore- 
mentioned amount of protein From December 25 to the end of the 
experiment the animal was given its regular diet of 150 Gm of chopped 
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raw beef lung, 225 Gm of biead, 250 cc of milk and 20 Gm of bone 
meal, a total of 6 8 Gm of nitrogen daily Aftei the return to a normal 
diet there was an immediate increase in the amount of urinary nitrogen 
with a similar increase in gaseous metabolism (chait 12) Nitrogen 
retention was not constant or marked It seemed evident that the ani- 
mal was continuing to break down protein instead of storing it This 


Dec /33I Jan 1958 Feb 



Chart 13 (dog 4) —Arrows indicate the following A, subcutaneous injection 
of 1 Gm of phlorhizin and the beginning of the fast, B, from 50 to 200 Gm of 
sugar daily (total 1.050 Gm ) , C, 200 Gm of bread, 20 cc of milk and about 
20 Gm of bone meal daily, D, 200 Gm of meat was added to the diet Again 
the nitrogen balance did not include nitrogen lost m the feces or hair 


may have been due to the fact that the stores of glycogen were empty 
when realimentation with a mixed diet occurred An attempt was made 
to control this factor in the succeeding experiments 
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In the case of dog 4 (chart 13) the procedure was the same, except 
that on the seventh day after phlorhizin was administered, 50 Gm 
of dextrose was given by mouth On the six succeeding days the ani- 
mal received 100 Gm of dextrose daily and then 200 Gm daily for two 
days During this time the gaseous metabolism and the urinary nitrogen 
continued to decrease The average basal metabolic rate during the 

Jin Feb 



Chart 14 (dog 3) — The arrows indicate the following A, the dog was moved 
from regular animal quarters to the cage in the metabolism room, B, the fast 
was begun, C, 1 Gm of phlorhizin was given, D, from 100 to 300 Gm of sugar 
(total, 2,000 Gm ) was given , E, 300 Gm of bread, 350 cc of milk and 20 Gm 
of bone meal were given daily, F, 200 Gm of meat was added 

control period was 8 1 per cent below normal During the period of 
increased protein catabolism after phlorhizin the metabolic rate leached 
32 1 per cent above normal, but the oxygen consumption fell to 15 5 per 
cent below noimal, as endogenous protein was spared by the feeding 
of sugar On December 9 the diet was changed to 200 Gm of bread. 
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250 cc of milk and 20 Gm of bone meal oi 4 56 Gm of mtiogen a 
day This diet was attended by marked and consistent mtiogen reten- 
tion and a fuithei fall in the oxygen consumption to 24 4 per cent 
below noimal This second fall in gaseous metabolism which occuried 
when the animal was receiving a diet low in proteins is not understood, 
since the actual amount of nitrogen in the urine was greater than it had 
been on the preceding days when only carbohydrate was contained 
in the diet Special attention is directed to the fact that in this animal 
the basal metabolic rate fell from plus 32 1 to minus 24 4 per cent, a 
total excursion of 56 5 pei cent, without change m temperature The 
decrease from plus 32 1 to minus 15 5 per cent appeared to be caused 
entirely by a diop in the catabolism of endogenous protein 

In dog 3 the pioceduie and results were almost exact duplicates of 
those m dog 4 (chart 14) 

The following explanation is offered for the lesults m all of the 
experiments described 

Endogenous piotein, when catabohzed, exerts the same specific 
dynamic effect as would a similar amount of ingested protein The 
difference is that the effect of exogenous protein can be avoided to a 
great extent by making determinations of the basal metabolic rate only 
111 the postabsorptive peiiod Endogenous protein catabolism, on the 
other hand, is a continuous process, and some of the ammo-acids so 
derived exert then effect throughout the day 

The explanation for the lowered gaseous metabolism duiing the 
stoiage of nitrogen is not quite so clear but no doubt depends m part 
at least on the fact that stored amino-acids exert no specific dynamic 
effect From numerous data it seems probable, though not proved, that 
the lowered oxygen consumption during the storage of mtiogen is due 
not so much to the storage of nitrogen per se as to a lowered total 
endogenous catabolism of protein duiing the postabsorptive period 
when storage is in progress 

Numeious data in the liteiatuie support this thesis directly or 
indirectly Only a few will be mentioned Rubner’-’- and Hoobler^^ 
independently showed that stoied piotein does not exeit a specific 
dynamic effect Lee and Gagnon showed that rats gi owing rapidly 
under the influence of the giowth-piomoting hormone from the anterior 
pituitary lobe have a lowered basal metabolism as referred to weight 
or surface area The reahmentation following a fast is not attended 

11 Rubner.io p 246, quoted by Lusk, <5 p 297 

12 Hoobler, B R The Protein Need of Infants, Am T Dis Child 10 153 
(Sept) 1915 

13 Lee, M O , and Gagnon, J Effect of Growth Promoting Extracts of 

£.01“ ■" 
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by an immediate return of the oxygen consumption to the prefasting 
level (Kleitman and Anderson and Lusk 

Evidence that increased protein catabolism is associated with an 
augmented gaseous metabolism is also to be found in the literature 
Du Bois and his co-workers demonstrated that the increased oxygen 
consumption in febrile diseases was more or less proportional to the 
degree of endogenous protein catabolism which was present For 
example, for a given elevation in temperature typhoid fever usually 
presented a greater protein catabolism and a greater oxygen consump- 
tion than did pulmonary tuberculosis Similarly, increases in endogenous 
protein catabolism and in oxygen consumption occur coincidentally in 
the first few days of a fast and possibly during the premortem rise in 
nitrogen excretion Wilder, Boothby and Beeler demonstrated a 
definite relationship in diabetes between the amount of protein in the 
diet and the basal metabolism Heinbecker found that the gaseous 
metabolism of Eskimos was considerably higher than that of people 
living in the temperate zone At the Russel Sage Institute two 
Arctic explorers were kept on a diet of meat for a year After six 
weeks the basal metabolism had increased slightly, but at the end of a 
yeai it was back to the level which had been observed for a mixed diet 
There was a suggestion that the specific dynamic action of protein 
increased after long periods on diets of meat In most instances the 
diets were much higher m fat than in protein There is a possibility, 
of course, that the presence of acetone influenced the results obtained 
by the investigators, who studied subjects receiving diets high in fat 
and relatively high in protein but without carbohydrate 

SUMMARY 

1 In pernicious anemia the basal metabolic rate decreases during 
periods of rapid regeneration of blood 

2 In leukemia the total oxygen consumption is increased during the 
increased catabolism of endogenous piotein induced by irradiation 

14 Kleitman, N Basal Metabolism in Prolonged Fasting m Man, Am J 
Physiol 77 233, 1926 

15 Anderson, R J , and Lusk, G Animal Calorimetry The Interrelation 
Between Diet and Body Condition and the Energy Production During Mechanical 
Work, J Biol Chem 32 421, 1917 

16 Du Bois, E F The Basal Metabolism in Fever, J A M A 77 352 
(July) 1921 

17 Lusk,® p 78 

18 Wilder, R M , Boothby, W M , and Beeler, C Studies of the Metab- 
olism of Diabetes, J Biol Chem 51 311, 1922 

19 Heinbecker, P Studies on the Metabolism of Eskimos, J Biol Chem 
8& 461, 1928 

20 McClellan, W S , Spencer, H J , and Falk, E A Clinical Calorimetry 
XLVII Prolonged Meat Diets with a Study of the Respiratory Metabolism, J 
Biol Chem 93 419, 1931 
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3 The destruction of erythrocytes by phenylhydraziiie m poly- 
cythemia vera is attended by an increase in gaseous metabolism 

4 In dogs the oxygen consumption is decreased during recovery 
from model ately severe acute hemorrhagic anemia 

5 Compatible blood transfused into dogs is lost from the peripheral 
ciiculation at varying rates The rapidity of loss of blood seems to be 
increased in successive transfusions The basal metabolic rate of the 
dog IS increased during the period of loss of blood 

6 The pigment from hemolyzed blood is rapidly excreted by dogs, 
and again the catabolic piocess is attended by an increase in gaseous 
metabolism The increased metabolism occurs whether the blood is 
hemolyzed in vivo or is obtained from anothei animal 

7 The injection of citrated plasma into dogs is sometimes attended 
by a delayed loss of blood in the recipient, and this loss of blood 
appeals to cause an increase in gaseous metabolism 

8 Phlorhizin diabetes in the dog is associated with a great increase 
in endogenous piotem catabolism which is followed undei certain condi- 
tions by marked storage of nitrogen The oxygen consumption in the 
phlorhizimzed animal parallels the endogenous protein catabolism 



HEPATIC FUNCTION 

I NONCALCULOUS AND CALCULOUS CHOLECYSTITIS 
A CANTAROW, MD 

PHILADELPHIA 

Increasing lecognition of the A^aluable information which may be 
derived from studies of hepatic function has resulted m the accumulation 
of a large quantity of data m this connection m recent years In my 
experience, however, too little emphasis has been placed on such studies 
m the field m which they are of greatest value, namely, m the pre- 
operative study of patients with disease of the gallbladder and bile 
ducts This point was stressed m a previous report ^ of a study of 
234 patients with calculous and noncalculous cholecystitis, 70 of whom 
presented hyperbilirubinemia or bromsulphalem retention or both The 
present report is a continuation of that study, with a more detailed 
presentation of the findings m a much larger senes of patients 

During the years from 1931 to 1933, various studies of hepatic 
function weie pei formed m 512 cases of cholecystitis and cholelithiasis, 
49 of these were acute noncalculous cholecystitis, 288, chronic 
noncalculous cholecystitis, and 138, calculous cholecystitis, and m 37 
cases, stones weie present m the common bile duct Of the several 
observations that were made, only the following are included (1) 
qualitative van den Bergh reaction, (2) serum bilirubin concentration 
(quantitative van den Bergh method), (3) bromsulphalem retention 
(dosage of 2 mg per kilogram expressed as thiity minute retention), 
(4) plasma cholesterol concentration (method of Myers and Warded) 
and (5) urinary urobilinogen (method of Wallace and Diamond) In my 
experience, the normal range of values by the methods employed are 
as follows bromsulphalem retention, 0 per cent, plasma cholesterol, 
from 140 to 200 mg per hundred cubic centimeters, urobilinogen m 
urinary dilution to 1 20, serum bilirubin concentiation, from 0 1 to 1 
mg per hundred cubic centimeters of serum or plasma I think that 
the normal serum bilirubin values usually quoted m the literature are 
far too low The most frequent souice of error lies m the fact that 
unless the test is carefully perfoimed accoidmg to the proceduie sug- 
gested by Thannhauser and Andersen, varying quantities of bilirubin 
aie adsorbed by the protein precipitate and are consequently eliminated 
from the calculation In a large series of determinations on normal 
persons I obtained the following lesults from 0 1 to 0 5 mg m about 

From the Laboratory of Biochemistry, Jefferson Hospital 
1 Cantarow, A The van den Bergh Reaction and the Bromsulphalem Test 
in the Estimation of Hepatic Functional Impairment, Am J M Sc 184 228, 1932 
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60 pel cent, fiom 0 51 to 0 8 mg in about 35 per cent and fioin 0 81 
to 1 mg 111 about 5 per cent Another point m this connection deseives 
special emphasis Hunter “ and later Rabinowitch ^ called attention to 
an erroi in the oiiginal calculation of the van den Bergh unit Rabino- 
witch stated that 

The color of the original artificial standard which was meant to match that 
produced by 1 unit of bilirubin corresponded to that obtained with a mixture of 
10 cc of alcohol, 2 5 cc of diazo reagent and 0 05 mg of bilirubin Since 12 5 
cc of solution contained 0 05 mg of bilirubin, the true unit corresponds to a 
1 250,000 and not to a 1 200,000 dilution of bilirubin Expressed more exactly, 
the true unit corresponds to 0 4 and not 0 5 mg of bilirubin per 100 cc of blood 

Table 1 — Acute CholccyshUs 
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36 

0 12 0 88 


0 
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0 1 20 


* Expressed m milligrams per hundred cubic centimeters 
T Expressed as pereentage 


This obvious erroi has apparently been overlooked b}'' the great majority 
of workeis in this field 

EXPERIMENTAL RESULTS 

Acute CholecysUtis In the group of 49 cases of acute cholecystitis, 
essentially normal findings were obtained by all methods in 36 instances, 
with the exception of slightly subnormal cholesteiol values (from 124 
to 132 mg ) in 4 cases Distuibance of hepatic function was suggested 
by one or more of the methods employed in 13 cases in this group (26 5 

2 H«"ter G The Determination of Bilirubin by Diazo Reagents, Brit J 
Exper Path 11 407, 1930 

3 I M The Renal Threshold of B.hrobm, J B,ol Chem 97 
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per cent) The detailed findings are presented in table 1 Hyper- 
bilirubinemia ( from 1 3 to 6 mg ) was present at some time in 8 cases , 
bromsulphalem retention in 11 , hypercholesteremia in 2, hypocholester- 
emia in 4 and urobihnuria in 4 The occurrence of hyperbihiubinemia 
without retention of dye was noted in 3 cases, and retention of dye 
without hyperbilirubinemia in 5 cases 


Table 2 — Chiomc Cholecystitis Cases with Retention of Bromsulphalem 

Without Hyperbilii ubinemia 
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0 

08 

5 

123 


18 


0 

06 

10 

146 


19 


0 

09 

10 

192 


20 


0 

04 

10 



21 


0 

09 

5 



22 

3/ 7/33 

0 

00 

5 

224 



4/19/33 

+ 

15 

5 




5/ 3/83 

+ 

75 

100 

198 



5/ 9/33 

+ 

27 

5 



23 


0 

07 

5 

148 


24 


0 

03 

5 

135 


25 


0 

07 

5 



26 


0 

08 

25 

148 

0 

27 


0 

05 

20 

186 

1 20 

28 


0 

0 51 

10 



29 


0 

0 64 

25 

73 

1 60 

30 


0 

0 24 

10 

148 

1 20 

31 


0 

0 69 

10 

192 


32 


0 

0 81 

20 

136 

1 40 


Chiomc Noncalctiloits Cholecystitis — Essentially normal findings 
were obtained in 212 of 288 patients with chronic noncalculous 
cholecystitis (table 5) Evidence suggestive of hepatic functional 
impairment was noted m 76 cases in this group (26 3 pei cent) 
Retention of bromsulphalem (from 5 to 100 pei cent) without hyperbili- 
rubinemia was present at some time in 32 cases (table 2) , hyper- 
bihiubinemia (from 1 1 to 3 mg ) and retention of dye (from 5 to 100 
per cent) in 29, and hyperbilirubinemia (fiom 1 08 to 15 mg ) with- 
out retention of dye, in 15 cases Hypercholesteremia (from 224 to 
279 mg ) was noted in 4, hypocholesteremia (from 73 to 136 mg ), in 
15, and urobihnuria (from 1 30 to 1 200), in 16 cases 



Table 3-C/iionic Cholecystitis Cases mth Retention of Bi omsnlphalein 

and Hyperbihinbineinia 


Case 

Date 

Direct 
Van den 
Bergh 

Serum 

Bilirubin 

1 


0 

XI 

2 

8/31/32 

+ 

22 


0/ 6/32 

0 

0 63 

3 

0 

116 

4 


0 

1 12 

5 


0 

145 

6 

5/22/32 

+ 

30 


6/ 8/32 

0 

0 81 

7 


0 

13 

8 


0 

12 

9 

1/ 4/33 

+ 

18 


1/10/33 

0 

03 

10 


0 

11 

11 


0 

1 57 

12 


0 

11 

13 


+ 

16 

14 


+ 

25 

25 


0 

11 

26 


0 

11 

17 


+ 

1 7 

18 


+ 

12 

19 


+ 

20 

20 


0 

13 

21 


+ 

18 

22 


0 

14 

23 


0 

12 

24 


+ 

21 

25 


0 

16 

26 


+ 

19 

27 


+ 

24 

28 


+ 

23 

29 


0 

13 


Brom 



sulphalein 

plasma 

Urobilinogen 

Ectention 

Cholesterol 

in the Urine 

10 



45 

136 

1 80 

5 



10 

1G4 

1 10 

15 

144 


5 



25 

184 

1 200 

10 


1 100 

30 



10 

126 

1 20 

40 


1 100 

5 



5 

174 

0 

5 


1 SO 

5 


1 10 

80 



20 


1 20 

5 

163 


100 



50 



20 

128 

1 40 

10 



20 

147 

1 75 

20 


1 40 

10 

154 


10 


1 40 

10 



20 

141 

1 60 

10 

168 


30 



40 

106 

1 SO 

10 


1 20 


Table 4 — Chionic Cholecystitis Cases with Hyperbihi nbinemta without 

Retention of Bi omsnlphalein 



Direct 


Brom 




Van den 

Serum 

sulphalein 

Plasma 

Urobilinogen 

Case 

Date Bergh 

Bilirubin 

Retention 

Cholesterol m the Urine 

1 

0 

108 

0 

161 

1 20 

2 

0 

143 

0 



3 

0 

12 

0 

95 

2 20 

4 

0 

12 

0 

272 

1 20 

5 

0 

1 5 

0 



6 

0 

12 

0 



7 

+ 

12 

0 

197 


8 

0 

11 

0 

279 


9 

6/13/33 0 

12 

0 




6/19/33 0 

05 

10 



10 

0 

12 

0 



11 

0 

1 12 

0 

104 

1 40 

12 

0 

13 

0 



IS 

0 

I 1 

0 

174 

1 20 

14 

0 

1 46 

0 

189 


15 

0 

1 28 

0 

102 

1 10 

Table S 

— Chfonic Cholecystitis 

Cases zvith Essentially Noimal Findings 


Serum Bromsulphalem 

Plasma 


Urobilinogen 

Oases 

iiilirubin 

Eetention 

Cholesterol 

In the Urine 

212 

024 0 91 

0 

134 200 


01 40 




Table 6 — Calculous Cholecystitis 


Case 

Bate 

Direct 
Van den 
Bergh 

1 

1/ 5/32 

+ 


1/ 9/32 

4 

2 

+ 

3 

1/23/32 

+ 


1/28/32 

4- 


3/ 9/32 

0 

4 

1/29/32 

0 


2/ 4/32 

0 

5 

4- 

6 

2/ 3/32 

4" 


2/10/32 

0 

7 

2/23/32 

4- 


2/28/32 

0 


3/ 1/32 

4- 


3/21/32 

0 

8 

4/11/32 

0 


4/19/32 

0 

9 

8/ 3/32 

4- 


8/14/32 

4- 


8/19/32 

4- 


8/21/32 

0 


8/24/32 

0 

10 


0 

11 

6/29/32 

4- 


7/ 5/32 

0 

12 

7/ 3/32 

4- 


7/14/32 

0 


7/20/32 

0 

13 


4- 

14 


4- 

15 


4- 

16 

5/10/32 

4- 


5/16/32 

0 

17 


0 

18 


0 

19 


0 

20 


4- 

21 


4“ 

22 


0 

23 


4- 

24 


0 

25 


4" 

26 


+ 

27 


4- 

28 


0 

29 


0 

30 


0 

81 


0 

32 

1/18/33 

4- 


1/24/33 

4- 


2/ 1/33 

4- 

33 


4- 

34 


4* 

35 


0 

36 


4- 

37 


0 

38 

3/28/33 

0 


4/ 4/33 

0 

39 

0 

40 


0 

41 


4- 

42 


0 

43 

5/31/33 

4- 


7/ 5/33 

0 

44 


4- 

45 


4“ 

46 


4- 

47 

7/15/33 

4- 


7/28/33 

0 


8/ 8/33 

0 

48 

7/26/33 

0 


8/ 4/33 

4- 

49 


4- 

50 


4- 

51 


0 

52 


0 

53 


4- 

54 


4" 

55 


0 

56 


4* 

57 


0 

58 


■r 

59 


4- 

60 


4- 

61 


0 


Serum 

Oases Bilirubin 

77 



Brom 



Serum 

sulphalein 

Plasma 

Urobilinogen 

Bilirubin 

Eetention 

Cholesterol m the Urine 

40 

20 

194 

1 20 

20 

0 



22 

35 

121 


1 2 

90 



4 04 

100 

106 

1 100 

06 

0 



132 

0 

93 

1 30 

108 

0 



32 

100 


1 50 

268 

55 

119 


0 52 

0 



1 28 

15 

93 

1 20 

0 75 

0 

102 


116 

5 



0 44 

5 

120 


0 25 

60 

172 


03 

0 



24 

15 

258 

1 60 

36 

55 



184 

30 



104 

15 



1 04 

5 


1 10 

0 43 

10 

147 


32 

80 

141 

0 

1 03 

0 



44 

50 

148 

1 200 

0 64 

5 



0 53 

0 



4 4 

20 

164 

1 10 

42 

60 



2 48 

20 



52 

100 

101 


1 01 

0 



1 4 

50 

106 


24 

0 

142 


1 0 

100 



31 

80 

105 

1 25 

1 9 

25 


1 50 

09 

10 

211 


31 

5 



1 5 

0 

188 


3 1 

60 

122 

1 40 

1 8 

10 

158 


21 

20 



0 88 

5 

186 


0 84 

10 

165 


1 1 

5 

168 


07 

10 

281 


40 

100 

181 

1 150 

60 

100 


1 50 

187 

40 



2 05 

40 


1 40 

1 5 

0 


1 20 

04 

5 

216 


23 

10 

195 

1 10 

08 

10 

104 

1 10 

0 52 

30 

253 

1 20 

04 

5 


0 

1 6 

0 



1 1 

0 



1 4 

5 

152 

0 

12 

0 



171 

100 

112 

0 

0 75 

0 



4 25 

100 

226 

1 10 

25 

70 

94 


48 

80 

128 

0 

83 

60 



125 

40 

132 


0 42 

0 



1 1 

50 


1 40 

3 65 

40 


1 00 

175 

20 


0 

24 

60 

116 

1 50 

18 

' 0 


1 50 

1 6 

10 

144 


24 

60 


1 80 

26 

40 

182 


1 2 

10 

193 


31 

80 


1 60 

11 

10 

164 


1 9 

0 



23 

20 



35 

10 



08 

40 

172 


Bromsulphalem 

Plasma 


Urobilinogen 

Eetention 

Cholesterol 

in the Urine 


0 14 0 93 


0 


152 234 


01 20 



Table 7 — Stone in the Common Bile Duct 


Case 

1 

2 


9 

10 

11 

12 


13 

14 
16 
16 

17 

18 

19 

20 
21 

22 

23 

24 

25 


20 

27 

28 

29 

30 


31 

Cases 

6 


Date 

1/26/32 
2/ 8/32 
2/15/32 
2/27/32 
3/ 9/32 
3/15/32 
2/27/32 
3/ 9/32 
3/17/32 
3/29/32 
4/10/32 
4/28/32 
6/ 8/32 
6/15/32 
5/22/32 
5/29/32 
5/30/32 
7/14/32 

4/23/32 
5/ 1/32 
5/ 8/32 
6/15/32 
5/22/32 
5/ 8/32 
6/15/32 
5/22/32 
6/29/32 
6/ 6/32 

9/26/32 
10/ 5/32 
10/14/32 
10/10/32 


10/ 0/32 
10/15/32 
10/20/32 


1/ 8/33 
1/15/33 

4/ 8/33 
4/12/33 

7/25/33 
7/29/33 
8/ 2/33 
8/15/33 


6/23/33 
7/ 1/33 
7/11/33 
7/18/33 
7/25/33 
8/ 1/33 
0/20/33 
7/26/33 


Direct 


Brom 



Van den 

Serum 

sulphalem 

Plasma 

Urobilinogen 

Bergh 

Bilirubin 

Retention 

Cholesterol 

in the Urine 

+ 

35 

10 


1 10 

+ 

616 

100 

276 

1 10 

+ 

22 8 

90 



+ 

13 2 

60 



+ 

67 

80 

200 


+ 

13 

SO 

250 


0 

112 

10 


1 60 

+ 

416 

100 

366 

0 

+ 

23 0 

100 

480 



216 

100 

626 


+ 

14 4 

100 

400 


+ 

18 0 

100 

404 


+ 

44 

60 

408 

1 100 

+ 

44 

90 




15 

80 

200 



56 

80 




13 

16 

388 


+ 

126 

0 


1 80 

0 

088 

0 

276 


0 

06 

80 

242 


4* 

18 4 

80 

694 

0 

+ 

13 0 

60 



4* 

*2 03 

0 



0 

21 

0 

288 

1 60 

0 

1 5 

0 

140 


+ 

19 0 

100 


1 10 

4^ 

62 

60 

211 


+ 

30 

50 



4’ 

26 

50 

347 

1 100 

0 

1 0 

10 

258 


4- 

112 

30 

202 

0 

0 

29 

0 

200 

1 60 

0 

1 28 

0 




0 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

0 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

0 


Serum 

Bilirubin 

0 64 0 98 


0 81 
13 8 
26 0 
36 8 

42 
71 
93 
68 
48 

112 
81 

7 5 
60 

12 0 
5 32 
60 

43 

8 5 
75 
30 
0 84 

10 0 
85 
65 
58 
30 
39 
60 
13 3 
52 
110 
SO 
10 0 
90 
90 
4 5 
12 0 
10 

Bromsulphalein 

Detention 


10 

80 

100 

100 

40 

80 


15 

100 


100 

SO 

70 

30 

80 

40 

20 

0 

80 

100 

80 

65 

15 

60 

80 

100 

100 

SO 

60 

90 

SO 

70 

100 

0 


244 


243 

206 

184 

209 


180 

224 


241 

178 


168 


168 

100 


210 

94 

126 


0 

1 20 
1 10 


1 10 


1 10 
1 50 


Plasma 

Cholesterol 

169 192 


1 10 
1 100 
1 20 

Urobilinogen 
in the Urine 


1 10-1 20 
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Calculous Cholecystitis — Evidence suggestive of hepatic functional 
impairment was obtained in 61 of 138 cases (44 8 per cent) of calculous 
cholecystitis without stones in the common bile duct (table 6) Reten- 
tion of bromsulphalem (from 5 to 100 per cent) was present in 52 
cases, hjrperbiliiubinemia (from 11 to 171 mg), in 50, hyper- 
cholesteremia (from 211 to 281 mg), in 7, hypocholesteremia (from 
93 to 132 mg), in 15, and urobihnuria (from 1 25 to 1 200), in 
15 cases 

Stone m the Common Bile Duct — ^Abnormal findings were obtained 
in 31 (83 7 per cent) of 37 patients with stone m the common duct 
(table 7) Retention of biomsulphalein (from 10 to 100 per cent) 
was present in 28 cases , hyperbilirubinemia ( from 1 to 26 mg ) , in 30 , 
hypercholesteremia (from 202 to 694 mg), in 13, hypocholesteremia 
(from 94 to 100 mg ), in 2, and uiobihnuna (from 1 50 to 1 100), 
m 7 cases 

COMMENT 

Noncalculous Cholecystitis — Obviously, because of the location of 
the pathologic lesion, hyperbilirubinemia cannot result from uncom- 
plicated cholecystitis The occurrence of this phenomenon in association 
with noncalculous cholecystitis is dependent on the development of one 
or more of several complicating factors, among which are cholangitis, 
pancreatitis, hepatitis, spasm of the hepatic or common ducts, enlarge- 
ment of the lymph nodes and obstruction of the common duct by a 
plug of mucus or, larely, a portion of a membranous cast of the gall- 
bladder Although the majoiity of earlier observers stated that jaundice 
occurred only infrequently in patients with noncalculous cholecystitis, 
more recent studies, with the improved methods now available, have 
served to emphasize the rather high incidence of hyperbilirubinemia in 
this condition 

In a series of 375 patients with noncalculous cholecystitis, Hartman ^ 
found jaundice in 60 cases, oi 16 per cent, as compared with 31 74 per 
cent of a series of 652 patients with gallstones Kelly and Lyon ® stated 
that jaundice maj occui in 35 3 pei cent of cases of cholecystitis in the 
absence of gallstones The latter figure is considerably higher than 
that given by the majoiity of authois, but I believe that careful and 
repeated study of the serum biliiubin concentration will reveal a remark- 
ably high incidence of hyperbilirubinemia, with or without visible 
jaundice, in patients with acute or chronic cholecystitis which is appar- 
ently, although not actually, uncomplicated In the present series, hyper- 

4 Hartman, H R Jaundice in Surgical Cholecystitis Without Stones, M 
Clin North America 7 89, 1923 

5 Kelly, A O J , and Lyon, B B V, in Osier and McCrae Modern Medi- 
cine, ed 3, Philadelphia, Lea K Febiger, 1926, vol 3, p 862 
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bilnubmemia was present m 163 per cent of cases of acute, and in 
15 2 per cent of cases of chronic, noncalculous cholecystitis 

Hepatitis, 01 mtrahepatic cholangitis, is perhaps the most common 
cause of nonobstructive hyperbilirubinemia in patients with cholecystitis 
The frequency of occurrence of this lesion is illustrated by the fact that 
Graham ° found enlargement of the liver m 25 (83 per cent) of 30 
consecutive cases of disease of the biliary tract, evidence of previous 
or present disease other than enlargement being noted in the remainder 
He stated that microscopic evidence of hepatic inflammation, chiefly 
pericholangitis, may be observed constantly in acute and subacute cho- 
lecystitis Graham’s interpretation of these observations has recently 
been challenged by Noble,^ who found similar changes almost constantly 
in livers examined post mortem Noble stated that portal infiltration 
by lymphocytes and polymorphonuclear leukocytes seems to have no 
particular relation to a specific type of disease He also stated, however, 
that since no cases of clinical cholecystitis were included m his series, 
no definite conclusion can be drawn concerning the degree of hepatic 
inflammation m clinical cholecystitis This concept of the association 
between cholecystitis and hepatitis has been supported by the majority 
of investigators of this problem, including Judd,® Deaver,® Peterman, 
Priest and Graham,^® Moynihan and Tietze and Winkler It is 
believed that whereas the hepatic lesion may be and unquestionably is 
m many instances secondaiy to the inflammatory process m the gall- 
bladder, m many cases cholecystitis represents a direct extension of the 
process to the wall of the gallbladder from an already inflamed liver 
In either event the extension occurs by way of the lymphatics 

In some cases, the hyperbilirubinemia is undoubtedly obstructn^e and 
IS due to some obstruction of the free flow of bile through the common 
duct In 6 of 7 cases of noncalculous cholecystitis reported by Euster- 
man,^® with an average serum bilirubin concentration of 8 1 mg , there 


6 Graham, E A Hepatitis, a Constant Accompaniment of Cholecystitis, 
Surg, Gynec & Obst 26 521, 1918 

7 Noble, J F The Relation of Hepatitis to Cholecystitis, Am T Path 9 
473, 1933 

8 Judd, E S Relation of the Liver and the Pancreas to Infection of the 
Gallbladder, J A M A 77 197 (July 16) 1921 

9 Deaver, J B The Sequelae of Biliary Tract Infection, JAMA 

95 1641, 1930 

10 Peterman, M G Priest, W S, Jr, and Graham, E A Association of 
Hepatitis with Experimental Cholecystitis, Arch Surg 2 92 (Jan ) 1921 

11 Moynihan, B Mitchel Banks Memorial Lecture on the Gallbladder and 
Its Infections, Brit M J 1 1, 1928 


i^' K Die Beteiligung des Leberparenchyms an 

der Gallensteinkrankheit, Arch f klin Chir 129 1, 1924 

13 Eusterman, G B Errors in the Diagnosis of Diseases Associated with 
Jaundice, Ann Int Med 6 608, 1932 
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was definite evidence of associated disease of the liver, pancreas or 
common duct Hartman ^ reported the presence of pancreatitis m 26 
per cent of 60 patients with jaundice associated with noncalculous 
cholecystitis Diamond obtained increased serum bilirubin values m 
27 of 98 cases of cholecystitis, the highest being observed m acute 
cholecystitis (to 12 mg) Judd, Nickel and Wellbrock^® stated that 
hepatitis or cholangitis always occurred m the presence of chole- 
cystitis , the importance of this association was emphasized by Judd and 
Mclndoe,^® who stated that chronic cholangitis forms the etiologic basis 
of most microscopic lesions of the liver associated with infection of the 
gallbladder, and that this infection is more important than obstruction 
m producing severe hepatic injury Riedel and Naunyn emphasized 
the part played by cholangitis and spasm of the common duct in the 
production of jaundice in disease of the gallbladder Hyperbilirubinemia 
in acute forms of cholecystitis is more likely to be due to cholangitis 
or hepatitis and less likely to be dependent on pancreatitis than in 
chronic disease of the gallbladder , it occurs more frequently m the more 
severe than in the mild forms of acute cholecystitis, chiefly because of 
the higher incidence of hepatitis and cholangitis in the severe cases 

The statement is frequently made that, except in portal cirrhosis, 
abnormal retention of bromsulphalem occurs only in the presence of 
hyperbilirubinemia On the basis of my observations m a large number 
of patients with noncalculous cholecystitis, I am convinced that the 
chief practical significance of the bromsulphalem test in such cases lies 
m the fact that abnormal findings are obtained in a not inconsiderable 
proportion of patients with acute and chronic cholecystitis without othei 
demonstrable evidence of disturbed hepatic function This opinion was 
stated in a previous i eport ^ and has been strengthened by the data 
included m the present study I believe that the presence of retention 
of bromsulphalem of from 5 to 100 per cent in a group of 32 patients 
without hyperbilirubinemia is of extreme practical impoitance In my 
previous study there were 3 patients presenting 100 pei cent retention 
of dye with icterus index values of 8 3, 7 2 and 8 7, respectively In the 
present group of patients with noncalculous cholecystitis, similar cases 
were observed serum bilirubin, 0 83 mg , and retention of dye, 80 per 
cent (table 2, case 2) , serum bilirubin, 0 8 mg, and retention of dye, 
100 per cent (case 11), serum bilirubin, 11 mg, and retention of 

14 Diamond, J S The Value of Routine Estimations of Blood Bilirubin, 
Am J M Sc 176 321, 1928 

15 Judd, E S , Nickel, A C , and Wellbrock, W L A The Association of 
the Liver in Disease of the Biliary Tract, Surg, Gynec & Obst 54 13, 1932 

16 Judd, E S , and Mclndoe, A H Cholangitis, J Michigan State M Soc 
29 174, 1930 

17 Riedel Ueber die Gallensteine, Berl klin Wchnschr 38 1, 40 and 78, 1901 

18 Naunjm, B Cholelithiasis, Tr New Syndenham Soc, 1896, p 76 
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dye, 100 per cent (table 3, case 16) Such data appear to indicate 
that in certain cases with only slight if any impairment in the function 
of excreting bilirubin the capacity of the liver for eliminating brom- 
sulphalein is greatly impaiied These findings suggest dissociation of 
these two phases of the excretory function of the liver Such marked 
grades of retention of dye must be dependent on a widespread dis- 
turbance, involving a considerable portion of the liver , on the other 
hand, this disturbance is apparently readily amenable to correction, 
since essentially normal findings may be obtained within a short space 
of time following the institution of proper therapeutic procedures (table 
2, case 11) These observations suggest that the hepatic disorder is 
largely functional, secondary to organic disease of the gallbladder or 
bile ducts and associated with only slight if any organic disease of the 
hepatic polygonal cells The piesence of hepatic functional impairment 
in this group of patients is further evidenced by the observation of 
hypocholesteremia m 19 and urobilinuria in 20 cases The significance 
of hypocholestei emia m this connection has been emphasized by 
Epstein 

Cholelithiasis - — It is obvious that stones in the gallbladder are not 
in themselves capable of producing jaundice However, as has been 
indicated earlier, disease of the gallbladder is fiequently complicated by 
lesions which may cause hyperbilirubinemia Hartman ^ found such 
lesions as hepatic cirihosis, hepatitis, cholangitis, pancreatitis and mucous 
plugs in the common duct in a series of 166 patients with jaundice 
associated with stones in the gallbladder and not in the common duct 
Hepatitis was present in 16 9 per cent, cirrhosis in 5 31 per cent, 
cholangitis in 3 86 per cent, pancreatitis in 28 01 pei cent, and enlarged 
lymph nodes around the bile ducts in 1 5 45 pei cent Hartman stated 
the belief that pancreatitis is a common cause of jaundice m such cases 
Eusterman leported 85 cases of stones in the gallbladder with jaundice 
at the time they came under observation, the average serum bilirubin 
concentration being 7 mg He stated that gross evidence of changes 
in the liver, pancreas and extiahepatic bile ducts was noted at operation 
in 77 per cent of these cases According to Riedel,^^ extension of spasm 
or inflammation fiom the cystic to the common duct is responsible for 
the occurrence of icteius m from 10 to 15 per cent, and, according to 
Naunyn,^® m 40 per cent of cases m which a stone is implanted at the 
neck of the gallbladdei or in the cystic duct 

In the present senes of 138 patients with calculous cholecystitis, 
hyperbiliiubmemia was present in 362 per cent of cases Some degree 
of retention of bromsulphalein was present at some time in 37 6 per 
cent of these patients As in the group of persons with noncalculous 


19 Epstein, E Z Cholesterol of the Blood Plasma 
Diseases, Arch Int Med 50 203 (Aug ) 1932 
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cholec 3 ^stitis, a marked disproportion between the degree of retention 
of bromsulphalein and of bilirubinemia was noted in several instances 
This, with the not infrequent occuirence of hypocholesteremia and uro- 
bilinuria, is in my opinion highly suggestive of the fact that hepatic 
functional impairment is a not uncommon complication of calculous 
cholecystitis in the absence of clinical jaundice or, at times, hyper- 
bilirubinemia The aforementioned statements in connection with non- 
calculous cholecystitis are equally applicable here 

Naturally, because of the possibility of effectively obstructing the 
outflow of bile, stones in the common duct are moie likely to produce 
h) pel bilirubinemia than are stones in othei portions of the bile passages 
According to Kehr,^° about 75 per cent of all patients with stones in 
the common bile duct have jaundice at some time In a series of 1,608 
cases, Judd and Marshall obtained a history of jaundice in 73 4 per 
cent, icterus being present at the time of admission m 18 8 per cent of 
the patients Jordan-- and Weir-® stated that about 13 per cent of 
persons with stone in the common bile duct exhibited no jaundice at 
any time Moynihan stated that jaundice is absent in 25 per cent of 
these cases Some degree of cholangitis, hepatitis, cholecystitis and 
pancreatitis is commonly present m association with stone in the common 
duct Kehr®° and RiedeM^ minimized the mechanical idle of the stone 
and emphasized the inflammatory reaction in the duct mucosa as the 
cause of jaundice, Riedel stating that the latter factor is opeiative in 
40 per cent of cases 

Hyperbilirubinemia was present in 81 per cent of 37 patients in 
this series with stone in the common duct Some degree of letention 
of dye was present in 75 6 per cent of these cases Obviousl), little if 
any infoimation can be gamed from studies of the retention of brom- 
sulphalem during periods of obstructive jaundice However, as maj 
be noted in cases 2, 3 and 6 (table 7), the speed of restoiation of the 
capacity of the liver foi eliminating bromsulphalein does not always 
parallel the decrease in the degree of bilirubinemia which follows spon- 
taneous resumption of the flow of bile Case 4 illustrates the existence 
of marked letention of dye m the absence of hyperbilirubinemia 

It has been my experience, as is illustrated by seveial cases included 
111 this report, that the routine study of the state of hepatic function 

20 Kehr, H Chirurgie der Gallenwege, Berlin, Ferdinand Enke, 1913 

21 Judd, E S , and Marshall, J M Gallstones in the Common Bile Duct, 

Arch Surg 23 175 (Aug ) 1931 , 

22 Jordan, F M Stones in the Common Bile Duct Without Jaundice, Proc 
Staff Meet , Mayo Chn 5 56, 1930 

23 Weir, J F Diagnosis of Jaundice Value of Clinical and Laboratorj 
Data, Am J Surg 15 494, 1932 

24 Mo 3 mihan, B The Correlation of Symptoms and Signs in Some 
Abdominal Diseases, Brit M J 1 345, 1912 
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in all patients with calculous and noncalculous cholecystitis, so fai as 
It can be studied, frequently yields information of distinct piactical 
value The presence of retention of bromsulphalein is paiticularly 
significant in the absence of or during the disappearance of obstructive 
jaundice On the basis of the data presented, three points deserve 
special emphasis, (1) that some evidence of disturbed hepatic function 
can be obtained in a fairly large proportion of cases of calculous and 
noncalculous cholecystitis , (2) that marked grades of retention of 
bi omsulphalein may occur m patients with disease of the biliary tract 
in the absence of hyperbilirubinemia, (3) that m certain cases of stone 
in the common duct, some degree of retention of dye persists for a 
variable period after a previously high serum bilirubin concentration 
has returned to normal In my opinion, appreciation of these facts 
will do much to dimmish the postoperative morlndit} and mortality of 
operations on the biliary tract 

SUMMARY 

1 111 a group of 49 patients with acute cholecystitis, hyperbili- 
rubinemia was present at some time m 8 cases, letention of biom- 
sulphalem m 11, hypercholesteremia m 2, hypocholesteremia m 4, and 
urobilmuna m 4 

2 Some evidence suggestive of hepatic functional impairment was 
noted ill 76 (26 3 per cent) of 288 patients ivith chronic noncalculous 
cholecystitis Retention of bromsulphalein without hyperbilirubmeniia 
was noted m 32 cases, liypeibilirubiiiemia and letention of dye in 29 
and hyperbilii ubmemia without retention of dye in 15 Hypei cholester- 
eniia was present m 4 cases, hypocholesteremia m 15 and urobilmuna 
in 16 

3 Evidence suggestive of hepatic functional impairment was obtained 
in 61 (44 8 per cent) of 138 patients with calculous cholecystitis Reten- 
tion of dye was present in 52 cases, hyperbilirubinemia m 50, hypei - 
cholesteiemia m 7 , hypocholestei emia in 15 and uiobilmuria in 15 

4 Abnormal findings were obtained m 31 (S3 7 pei cent) of 37 
patients with stone in the common bile duct In some cases it was 
noted that the speed of lestoration of the capacity of the liver for elim- 
inating bromsulphalein did not paiallel the deciease in the degree of 
bihrubmemia which follows spontaneous resumption of the flow of bile 

5 The data leported illustrate the frequency of occurrence of hepatic 
functional impairment m apparently uncomplicated disease of the gall- 
bladdei Retention of bromsulphalein of marked degree may exist in 
the absence of hypei bihrubmemia 
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Cases of abscess of the lung, pulmonary gangrene, bronchiestasis and 
certain types of bi onchopneuraonia are occasionally complicated by the 
development of pleural efifusion When the pleural fluid is aspirated, it 
is frequently found to be purulent and to have a foul odor It is because 
of this characteristic odor that a pleural effusion of this type is teimed 
putrid empyema Occasionally this fluid is thin, but more often it is 
moderately thick and of creamy consistency It may be yellowish-green 
or brown, depending on the amount of fiesh oi changed blood present 
In spite of the fact that microscopic examination of the putrid exudates 
often reveals the presence of many micro-oiganisms, attempts to cul- 
tivate the bacteria under ordinary aeiobic conditions may piove unsuc- 
cessful However, the use of anaerobiasis often yields an abundant 
growth of one or more kinds of bacteria 

The purpose of this article is to repoit the bacteriologic observations 
and clinical course in 7 cases of severe purulent infections and to empha- 
size the occurrence and probable importance of anaerobic streptococci 
in the pathogenesis of the diseases from which the patients suffered 
Four of the patients had putrid empyema, 2 had pulmonaiy abscess, and 
1 had multiple hepatic abscesses The cases of empyema were studied 
in more detail than the others Consequently, the clinical and bacterio- 
logic obseivations of these cases are given special consideration in this 
communication 

REVIEW OF THE LITERATURE 

A review of the literatuie dealing with putrid, purulent infections 
reveals a diversity and complexity of bacteriologic results, and each 
author stresses the importance of a different organism or combination 
of organisms The association of anaerobes, including anaerobic strep- 
tococci, with putrid empyema has been recognized for many years, and 
organisms of similar types are also found in various other pathologic 
states, such as pulmonary abscess and gangrene, pueipeial infections 

From the Biological Division of the Medical Clinic, the Johns Hopkins Uni- 
versity and Hospital 
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and mastoiditis An attempt is made heie to summarize the literature 
dealing with putrid empyema and also that dealing with infections in 
which the anaerobic streptococcus is found Thus it may be possible 
to throw some light on the significance of this type of organism and to 
gam some insight into its importance m certain infections 

Lestoiis m Which Aiiaaobtc Streptococci Aie Found The occur- 
lence of an anaerobic stieptococcus in pathologic lesions was first men- 
tioned by Veillon/ in 1893, who isolated it fiom a case of bartholinitis 
The pus had a foul odor, as did the culture of the coccus and the pus 
fiom an abscess produced by subcutaneous injection of the organism 
into an animal Veillon also found the organism in the fetid pus from 
a case of Ludwig’s angina and from a perinephiic abscess, but in the 
latter cases it was in association with a pyogenic stieptococcus Two 
years later Kronig ^ described the occurrence of an anaerobic strepto- 
coccus, sometimes alone and sometimes with anaeiobic bacilli, in the 
vaginal secretion during pregnancy The streptococcus was found to be 
avirulent for labbits Since the reports of these earlier woikers, the 
studies of many authors up to the present time have indicated the wide- 
spread occurience of the anaerobic streptococcus in many and vaiied 
lesions A leview of the literature shows that it may be found under a 
great variety of conditions, but the two types of infections in which it 
seems to play its most important roles are (1) putiid or gangrenous 
lesions of the lung or pleura and (2) puerperal infections with oi with- 
out sepsis 

In Putrid Empyemas (and Pulmonary Lesions) The majority of 
the authois who have studied the subject of putrid pleurisy have found 
that the pus from these lesions contains an anaerobic stieptococcus 
This organism is nearly always associated with other bacteria, howevei , 
especially with anaerobic bacilli, fusiform bacilli and spirochetes In 
1899, anaerobic streptococci and gram-negative bacilli were found by 
Rendu and Rist ^ in 3 cases of putrid pleurisy Guillemot, Halle and 
Rist ^ found the organism (as well as anaerobic bacilli and aerobic strep- 
tococci) in the majority of 13 cases of putrid empyema In 1921, 

1 Veillon, A Sur unmicrocoque anaerobe trouve dans des suppurations 
fetides, Compt rend Soc de biol 5 807, 1893 

2 ICronig Ueber die Natur der Scheidenkeime, speciell uber das Vorkommen 
anaerober Streptokokken im Scbeidensekret Schwangerer, Centralbl f Gynak 19 
409, 1895 

3^ Rendu and Rist, E Etude clmique et bactenologique de trois cas de 
pleuresie putride, Bull et mem Soc med d hop de Pans 16 133, 1899 

4 Guillemot, L Halle, J , and Rist, E Recherches bactenologiques et 
evpenmentales sur les pleuresies putndes, Arch de med exper et d’anat path 
16 57 and 677, 1904 
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Bingold ^ stressed the formation of gangrenous or fetid pulmonary 
and pleural lesions as a result of emboli containing the anaerobic strep- 
tococcus lodging in the lungs m the course of thrombophlebitic puerperal 
'sepsis In these cases the organism can be obtained from the pelvic 
veins, the blood stream and the pulmonary lesions Bingold concluded 
that the chief cause of embolic pulmonary gangrene is the anaerobic 
streptococcus Davis and Pilot ® found it with a fusiform bacillus and 
spirochete in 4 cases of putrid pneumonia and were able to culture it 
and the fusiform bacillus from the empyema fluid which developed in 
1 of the cases Similar bacteiiologic observations were reported by 
Leckie " in 1 case of putrid empyema Eggei s ® found streptococci, some 
of which weie appaiently anaerobic, in seveial cases of empyema secon- 
dary to pulmonar}'^ abscesses Anaerobic cocci, bacilli and spirochetes 
were found in the putrid pleural fluid of a patient by Bezangon and his 
co-workeis ® and later in anothei case by Jacquehn, Brun and Fouquet 
Brown and Colebrook,^- who were studying the relation of the 
anaerobic streptococcus to puerperal infection each had a case in which 
It could be grown from the pleural fluid as well as from the blood 
Pilot reported a case of putrid empyema in which streptococci ana 
fusiform bacilli were found in the stained smear of the fluid, while 
culture revealed onl} an anaerobic streptococcus 

A summary of the bactenologic reports on approximately 26 cases 
of putiid empyema collected from the literature shows that the anaerobic 
streptococcus was found m 13 (probably also m 4 otheis in which stiep- 

5 Bingold, K Putride embolische Lungeninfektionen , Aetiologie und 
Pathologic, V irchows Arch f path Anat 232 22, 1921 , Die Bedeutung anaeroher 
Bacterien als Infektionserreger septischer interner Erkraiikungen, ihid 234 333, 
1921 

6 Davis, D J , and Pilot, I Studies of Bacillus Fusiformis and Vincent’s 
Spirochete, Hahitat and Distribution of these Organisms in Relation to Putrid 
and Gangrenous Processes, JAMA 79 944 (Sept 16) 1922 

7 Leckie, J P Fatal Case of Empyema Due to Anaerobic Infection, Edin- 
burgh M J 30 60 (Feb ) 1923 

8 Eggers, C Lung Abscess Complicated and Hidden by Empyema, Arch 
Surg 12 338 (Jan ) 1926 

9 Bezanqon, F , and others Sur la presence de spirochaetes associes aux 
anaerobes dans un cas de pleuresie putride, Bull et mem Soc med d hop de Pans 
51 1153 (July 14) 1927 

10 Jacquehn, A , Brun, C , and Fouquet Sur un cas de pleuresie putride cause 
par la flore spirocheto-anaerobe. Bull et mem Soc med d hop de Pans 53 1219 
(Nov) 1929 

11 Brown, T K The Incidence of Puerperal Infection Due to Anaerobic 
Streptococci, Am J Obst & Gynec 20 300 (Sept ) 1930 

12 Colebrook, L Infection by Anaerobic Streptococci m Puerperal Fever, 
Brit M J 2 134 (July 26) 1930 

13 Pilot, I Putrid Empyema as a Postoperative Complication, M Chn 
North America 13 1227 (March) 1930 
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tococci were found in a smeai of the fluid, although no growth was 
obtained), gi ani-negative bacilli m 5 or 6, gi am-positive bacilli in at 
least 2, fusiform bacilli in 5, spiiochetes in 5, anaeiobic staphylococci in 
4, aeiobic Staphylococcus aureus in 1 and aerobic streptococci in 2 
This summary by no means contains all of the cases of putrid pleuiisy 
which have been repoited, but in others the bactei lologic studies are not 
so definite as the afoiementioned, and these give a general idea of the 
oiganisms most often found 

Inasmuch as putrid empyemas aie rarely, if ever, primary but prac- 
tically always secondaiy to intiapulmonaiy suppuration or necrosis, it 
IS not surpiising that the anaerobic streptococcus is being found fre- 
quently in the primary or pulmonary as well as in the secondary or 
pleuial lesions Vaiious authois have cultuied the anaeiobic streptococci 
from putrid pulmonaiy infections such as abscess, gangrene and bronchi- 
ectasis The observations of Bingold have been mentioned earlier, 
Lehmann, too, pointed out the nearly constant occurrence of putrid lung 
pulmonary abscesses in the course of jiueiperal sepsis due to the anaer- 
obic stieptococcus In addition, theie are the reports of Davis and 
Pilot, who found a stieptococcus which was ''often anaerobic in early 
cultuies,” in cases of putrid pneumonia, pulmonary abscess and gangrene 
(in association with spiiochetes and fusifoim bacilli), Lambert and 
i\lillei grew it from 6 of 10 cases of pulmonary abscess (an anaerobic 
giam-negative bacillus was found in 7) , Smith found only anaerobes 
m the pus from 3 cases of pulmonary abscess — cocci, vibrios, fusiform 
bacilli and spiiochetes — and the same organisms were shown m sections 
of the ulceiated bionchi in acute cases Eimatmgei isolated faculta- 
tively anaeiobic streptococci in some cases of pulmonary abscess and 
bionchiectasis Cohen cultured an anaerobic streptococcus from the 
pus in each of 16 cases of pulmonary abscess, in all of these theie was 
also a diphtheioid bacillus, and m 14 of the 16 there was a strictly 
anaerobic gram-negative bacillus (Bacillus melanmogemcum, an organ- 
ism producing black pigment and a fetid odor on blood agai ) The 
stieptococcus was nonhemolytic and was called a "doubtful” anaerobe 

14 Pilot, I , and Davis, D J Studies in Fusiform Bacilh and Spirochetes 
Their Role in Pulmonary Abscess, Gangrene and Bronchiectasis, Arch Int Med 
34 313 (Sept) 1924 Davis and Pilot® 

15 Lambert, A V S , and Miller, J A Abscess of Lung, Arch Suro- 8 
446 (Jan) 1924 

16 Smith, D T Fuso-Spirochetal Disease of the Lungs, Tubercle 9 420 
(Xov) 1927 

17 Ermatinger, L H Micro-Organisms of Lung Abscess and Bronchiectasis, 
J Infect Dis 43 391 (Nov ) 1928 

18 Cohen, J Bacteriology of Abscess of Lung and Methods for Its Studv 
Arch Surg 24 171 (Feb ) 1932 
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because it was found to grow aerobically on subcultures though not on 
the original one 

In Puerpeial and Pelvic Infections In 1910 Schottmuller found 
the anaerobic streptococcus in 17 cases of septic abortion, in 5 he 
obtained it in pure culture from the blood (He also cultured it in 2 
cases of otitis media and in 1 case of -pulmonary gangrene ) In cases 
of pueiperal sepsis or septic abortion due to this organism, these infec- 
tions are usually associated with pelvic thrombophlebitis, and Schott- 
muller stated the belief that the streptococci are able to “dissolve the 
thrombi" so that small particles break off In 1924 ““ he cultured the 
anaerobic streptococcus from the blood and peritoneal exudate during 
life in 39 of 230 fatal cases of sepsis following labor Many other 
authors have shown the importance of this oiganism in puerperal infec- 
tion, and then studies indicate that it is not only commonly found under 
these conditions, but that its pathogenicity is comparable to that of the 
aerobic hemolytic streptococcus Bingold ° discussed the importance of 
the anaeiobic streptococcus in various infections, especially in puerperal 
fever with thrombophlehitis He had seen 60 cases of sepsis due to this*^ 
organism, in all of which pulmonary abscess or gangrene developed , he 
stated that the fatal outcome of cases of sepsis due to an anaerobic 
streptococcus is often due to the pulmonary complications Three of 
the patients had puiulent meningitis, and 3 had endocarditis Leh- 
mann-^ also leported 3 cases of endocarditis due to this streptococcus, 
associated with septic abortion and bacteremia (In neither of these 
cases was theie a history of pievious rheumatism or of old endocaiditis 
histologically ) Lehmann found it to be the single infecting agent in 17 
of 27 cases of sepsis with thiombophlebitis, in 8 of 12 cases of pelvic 
abscess and in many cases of salpingitis Schwarz and Dieckmann 
cultured the stieptococcus fiom the blood in 30 of 123 cases of puerperal 
infection, and later from the blood in 10 of 45 cases Harris and 
Brown found it with approximately the same frequency as the aerobic 

19 Schottmuller, H Zur Bedeutung emiger Anaeroben in der Pathologic 
insbesondere bei puerperalen Erkrankungen, Mitt a d Grenzgeb d Med u Chir 
21 450, 1910 

20 Schottmuller, H Ueber die Artverschiedenheit der Streptokokken, 
Munchen med Wchnschr 71 1009, 1924 

21 Lehmann, W Die Bedeutung anaerober Streptokokken fur die Aetologie 
der akuten septischen Endokarditis, Munchen med Wchnschr 73 233, 1926 

22 Schwarz, O H , and Dieckmann, W J Anaerobic Streptococci Their 
Role in Puerperal Infection, South M J 19 470 (June) 1926 

23 Schwarz, O H , and Dieckmann, W J Puerperal Infection Due to 
Anaerobic Streptococci, Am J Obst & Gynec 13 467, 1927 

24 Harris, J W , and Brown, J H A Clinical and Bacteriological Study 
of 113 Cases of Streptococcic Puerperal Infection, Bull Johns Hopkins Hosp 
44 1 (Jan) 1929 
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hemolytic streptococcus m 113 cases of puerpeial infection The major- 
ity of these streptococci were of the gamma nonhemolytic variety, and 
many of them failed to ferment the test sugars Brown found that 
this streptococcus was the infecting agent in a little more than half of 
203 cases of puerperal infection Colebrook isolated the anaerobic 
streptococcus from the blood of 17 patients with puerperal fever, 7 of 
whom died and 1 of whom had '^terminal” endocarditis 

The anaerobic streptococcus is also found m many other pathologic 
processes throughout the body, as may be shown by a glance at the 
literature In 1898 Veillon and Zuber found it in cases of gangrenous 
appendicitis and m a case of mastoiditis with pulmonary gangrene In 
1905 Rist^® leported its isolation from cases of appendicitis, puerperal 
infection, bartholinitis, infection of the urinary tract, otitis media and 
mastoiditis Lehmann stated that the organism sometimes produces 
foul-smelling tonsillar abscesses, and that it may be found m cases of 
appendicitis, fiequently in mixed infections of the deep portion of the 
bronchial tree, in diseases of the ear, and in Vincent’s angina, putrid 
alveolai abscesses and the like 

A classification of the strains of tins streptococcus was given by 
Prevot^'^ 111 1925 He described six strains 1 Micrococcus foetidus 
(Veillon, 1893), a strict anaeiobe, produces gas and a foul odor and 
ferments sacchaiose but not lactose, maltose or mannite 2 Strepto- 
coccus anaeiobicus (Kionig, 1895, Natvig, 1905) is found especially m 
puerperal sepsis and is a strict anaerobe One strain ferments saccharose 
and maltose, the other, maltose and mannite, producing gas and odor 
3 Streptococcus putiidus (Schottmuller), a strict anaerobe, produces 
gas and odor Maltose is fermented and occasionally saccharose and 
mannite 4 Streptococcus anaerobitis-micros (Lewkowicz, 1901) pro- 
duces no gas or odor and no coagulation of milk or fermentation of 
saccharose and maltose 5 Streptococcus intermedius, a strict anaerobe, 
IS found in pulmonaiy conditions It forms gas with a foul odor, coagu- 
lates milk with the production of acid and ferments maltose, lactose and, 
occasionally, sacch&rose 6 Streptococci which are "anaerobes by pre- 
dilection” show growth in the air, though it is slow and poor Fourteen 
stiains aie reported, eleven of which are from pulmonary conditions At 
first the oigamsm is a strict anaerobe, but latei it grows also aerobically, 
though not nearly so well Gas and a foul odor are not produced in 
culture mediums Milk is coagulated and acidified Saccharose, mal- 

25 Veillon and Zuber Recherches sur quelques microbes stnctement anaerobes 
et leur role en pathologic, Arch de med exper et d’anat path 10*517, 1898 

26 Rist, E Anaerobes pathogenes et suppurations gangreneuses, Bull Inst 
Pasteur 3 1 and 49, 1905 

. f ^ ^ streptocoques anaerobes, Ann Inst Pasteur 39 417, 
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tose and lactose are fermented Prevot called this streptococcus Stiep- 
tococcus evolutus (He remarked that these anaerobic streptococci “live 
as saprophytes m the natural cavities and can become pathogenic \\hen 
the opportunity offers” ) 

Pailiogemcity foi Animals — Fiom the review of the literature just 
presented, it is evident that the majority of the leports dealing with the 
anaerobic stieptococcus lead one to the conclusion that, at least under 
ceitam conditions, it is a truly pathogenic organism, in spite of the fact 
that it IS fiequently spoken of as a saprophyte of minoi importance 
The leports of experimental studies with this streptococcus aie not 
extensive, and though some investigators show that it is pathogenic for 
animals when in association with othei anaerobes, few have shown that 
pure cultures of the organism are capable of pioducing lesions in ani- 
mals Veillon ^ produced foul-smelling, subcutaneous abscesses with 
cultures of an anaerobic streptococcus (M foetidus) The anaeiobes 
isolated by Guillemot and his co-workers^ (M foetidus, Staphylococcus 
paivulus. Bacillus ramosus and others) caused putrid lesions in rabbits 
and guinea-pigs when the original pus was injected In this wa>, putiid 
pleurisy could be passed on from animal to animal, but none of the bac- 
teria in pure culture were pathogenic In 1905 Rist found that 
anaerobes (bacilli and cocci) which he had isolated fiom various putrid 
lesions were pathogenic for animals when injected subcutaneously 
inti apleurally or mtracutaneously Pilot and Davis pioduced putrid 
empyemas in rabbits by intiapleural injections of tooth sciapings and 
tonsillar debris The material that was injected, as well as the pus 
fiom the pleural cavity, contained spirochetes, fusifoim bacilli and cocci 
The COCCI, when injected in puie cultuie, pioduced serofibrmopui ulent 
pleuntis but no odor In 1930 Smith showed that putrid pulmonan 
infections or subcutaneous abscess could be produced in rabbits by intra- 
tracheal 01 subcutaneous injections of mixtuies of pure cultuies of Tre- 
ponema microdentium, a small fusiform bacillus, a vibrio and an 
anaerobic hemolytic streptococcus No stiain by itself and no othei 
combination could form lesions 

Some authors ha\e definitely stated that they did not find the anaer- 
obic stieptococcus pathogenic foi animals (Kronig,- Guillemot and 
others,^ Schottmuller and Lehmann -’^) Schottmuller employed cul- 
tures of an anaerobic stieptococcus isolated from cases of pelvic infec- 
tion and injected them into labbits and guinea-pigs without pioducing 
any ill effects The lahbits received intravenous, intiamusculai and 
subcutaneous injections, and the guinea-pigs, mtraperitoneal and sub- 
cutaneous injections Cohen found that the doubtful anaerobic stiep- 

28 Smith, D T Fusospirochetal Disease of the Lung Produced with Cultures 
from Vincent’s Angina, J Infect Dis 46 303 (April) 1930 
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tococcus which he obtained from pulmonai) abscesses was not 
pathogenic for labbits or guinea-pigs after intiavenous oi intracutaneous 

inoculation 

Thus from the liteiature one gatheis that the anaeiobic 
streptococcus is an organism which may be found m a vaiiety of patho- 
logic conditions — especially those of a putiid oi gangrenous nature 
throughout the body The lesions in which it seems to play its most 
impoitant idles are suppurations in the lung or pleuial cavity and puei- 
peral or other pelvic infections The evidence points to the fact that it 
IS definitely pathogenic for man, this is particulaily convincing in cases 
of puerpeial sepsis, when it can be obtained m pure cultuie fiom the 
pelvic veins, the blood and pulmonai y abscesses , in these cases it like- 
wise occasionally produces endocaiditis The expeiimental woik is not 
conclusive, two authois obtained lesions m animals with this oigamsm, 
while others have found that pure cultures of the anaeiobic stiepto- 
coccus aie avnulent for animals, whereas with cultuies in combination 
with other anaeiobes the lesions can often be produced 

REPORT OF CASES 

The 4 cases of putiid empyema included in this leport weie associ- 
ated with an anaerobic sti eptococcic infection In 1 case, which will be 
reported in detail, the oigamsm (an anaerobic stieptococcus) was the 
principal factor in the production of the patient’s pneumonia, with 
lesultant pulmonary abscess, empyema, metastatic abscesses in the skin 
and bones, endocarditis and eventual death In 3 othei cases it was the 
most conspicuous organism present, although associated with other 
anaerobes In 2 cases it was obtained from pulmonary abscesses at 
opeiation In 1 rather obscuie case of unexplained fever it was 
responsible for the production of multiple hepatic abscesses 

Case 1 — Histoi y — F B , aged 26, a colored laborer, married, was admitted to 
the hospital on Jan 20, 1932, and died on March 14 The chief complaints were sore 
throat and great weakness of two weeks’ duration The family history was noncon- 
tributory The general health had been good The patient had had a primary 
syphilitic lesion five years before admission, which was inadequately treated by his 
family physician For eight or ten j-^ears he had been troubled with an occasional 
dry cough and infrequent sweats at night, there had been no thoracic pain, dyspnea 
or hemoptyses The patient had done the heavj’^ work of a laborer prior to his 
admission to the hospital 

Sixteen days before admission he caught a cold following exposure to wet 
weather Three days later a sore throat with pain on swallowing developed Two 
days later the patient came to the hospital, where his temperature was found to 
be 101 6 F , the tonsils were red and covered with exudate He was given sodium 
perborate as a gargle He reported in the outpatient department the next day 
The throat appeared to be unchanged, but the temperature had risen to 102 F , 
accompanied by a chill He was advised to go home to bed and force fluids' 
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The Wassermann reaction was strongly positive He returned to the outpatient 
department four days later, feeling much weaker and sick During the next five 
days at home he became much worse, he was hoarse and had several chills fol- 
lowed by profuse sweats One week prior to admission, he had a cough and blood- 
streaked sputum He grew short of breath, and noticed pain in the left shoulder 
and right buttock A sharp pain across the front of his chest when he coughed 
brought him into the hospital 

Physical Examinahon — ^The temperature was 103 8 F, the pulse rate, 140, 
the respirations, 42, and the blood pressure, 106 systolic and 64 diastolic The 
positive findings were as follows The patient was an emaciated, acutely ill colored 
man The skin was hot and moist, and the forehead covered with perspiration 
The conjunctivae were pale The pupils were irregular and reacted sluggishly 
to light Examination of the throat and mouth showed that the tongue was heavily 
coated , there was much sordes over the lips , pyorrhea was marked and the tonsils 
were enlarged and covered with exudate The voice was hoarse The trachea 
was in the midline Respirations were shallow and rapid There was dulness in 
the right axilla and mterscapular region, with marked suppression of the breath 
sounds and many moist rales Bronchovesicular breathing was heard in the right 
posterior axillary line The left lung was clear The heart was not enlarged 
It was thought to be slightly displaced to the left The rate was rapid and regular 
The sounds were of good quality No murmurs were heard The peripheral ves- 
sels seemed normal, and the pulse was of good quality The abdomen was some- 
what distended but not tender The liver and spleen were not felt There was- 
neither clubbing of the fingers nor edema of the extremities The patient com- 
plained of pain in the right hip, but examination did not disclose any cause for 
this There was tenderness about the left shoulder joint with pain on motion, but 
no swelling 

Exammation of the Blood — The red blood cells numbered 3,300,000 The 
hemoglobin was 72 per cent, and the white cells 16,000, with 90 per cent poly- 
morphonuclear leukocytes The red cells were slightly pale, the platelets were 
normal in number The urine showed specific gravity, 1 020 , albumin, 2 plus , 
sugar, 0, many granular casts, white blood cells and occasional red blood cells 
Culture of the throat produced Staphylococcus aureus and diphtheroids 

Couise m the Hospital — The physical signs m the chest were suggestive of a 
pleural effusion, and thoracentesis was done on the evening of admission The 
needle was inserted in several places over the right lower region of the chest 
posteriorly, in the region of the midaxillary line Seventy-five cubic centimeters 
of fluid was withdrawn It was foul-smelling, thin and reddish brown A smear 
of the fluid showed a predominance of gram-positive cocci, mixed with gram- 
negative bacilli, fusiform bacilli and spirochetes A smear from the throat showed 
a few spirochetes The empyema was thought to have resulted from the rupture 
of a pulmonary abscess The temperature rose to 105 6 F , and the condition 
became worse A thoracotomy was done that night, and a trocar inserted in the 
seventh interspace in the midaxillarj line A rubber catheter was left in place and 
drainage instituted by means of continuous tidal irrigation (described by Hart) 
One hundred cubic centimeters of brownish foul pus was evacuated at the time 
of operation 

A blood culture taken on admission showed no growth aerobically However, 
an anaerobic streptococcus was grown on cooked meat medium under a seal 

The patient was given fluids by mouth and subcutaneously m the thigh Follow- 
ing a transfusion the next day he showed definite improvement During the next 
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week the temperature varied between 101 and 105 F , accompanied by profuse 
sweats There was a slight cough but no sputum The patient had frequent 
chills On the eighth day after admission the red blood cells had fallen to 2,500,000, 
and the hemoglobin to 50 per cent The patient was given another transfusion 
with temporary improvement The urine continued to show a moderate amount of 
albumin, a few red cells and white cells and few casts Roentgenograms of the 
chest showed a “small area of partial consolidation m the lower lobe of the right 
lung” Physical examination revealed only a small amount of fluid in the right 
side of the chest 

On the tenth day after admission a firm swelling was noticed above the left 
clavicle at the acromial junction This was quite tender No evidence of osteo- 
myelitis could be determined by roentgenograms, but a dense shadow was present 
in the soft tissues above the left clavicle This area was treated with compresses 
The temperature continued to vary daily from 100 to 104 F , the pulse rate between 
110 and 140 and the respirations from 40 to 50 Frequent chills continued The 
patient next had tenderness and induration over the right hip, with crepitation on 
palpation A roentgenogram showed that there was air in the soft tissues Blood 
culture taken on January 28 (the eighth day after admission) again yielded 
anaerobic streptococci The signs over the lung changed little The apparatus for 
irrigation often became obstructed, and drainage was not free There were pro- 
gressive anemia and leukocytosis 

On February 5, fifteen days after admission, a large abscess on the right heel 
was opened, and 75 cc of foul-smellmg pus was obtained This pus had the same 
odor as that obtained from the pleural cavity, smears of this fluid showed only a 
grani-positive coccus which on culture proved to be the same anaerobic strepto- 
coccus Pus was also obtained from a similar area on the left heel On the 
same day an incision was made into the area of swelling about the left clavicle, 
and 50 cc of pus of a similar character was obtained Smears and culture showed 
the same organism Sputum was obtained on several occasions It did not show 
tubercle bacilli, hemolytic aerobic streptococci predominated The improvement 
following the drainage of these areas was only temporary, the next day another 
abscess on the left buttock was drained, and a large amount of the same foul 
pus was obtained Subsequently, the right knee was incised with the same results 

It was noted that each abscess contained much air, as well as thick, creamy, 
foul-smellmg pus The empj^ema irrigation system was also continually full of air, 
suggesting either a bronchial fistula or the production of air by the streptococcus 
A roentgenogram of the left clavicle showed osteomyelitis of its outer end The 
patient’s condition grew progressively worse, m spite of repeated transfusions 
and apparently adequate drainage from numerous areas of abscess over the body 
Repeated examinations of the heart revealed nothing that was not consistent with 
the anemia The patient died on March 14, fifty-two days after admission and 
approximately sixty-six dajs from the onset of illness 

Autopsy —Avito^SY was performed on March 15, 1932 The anatomic diag- 
nosis was abscesses in the right lung, bronchial fistulas, organizing pneumonia, 
organizing fibnnopurulcnt pleurisy, purulent bronchitis, lobular pneumonia, septi- 
cemia (an anaerobic streptococcus), streptococcic endocarditis of the mitral valve, 
scars in the myocardium, osteomjehtis of the left clavicle, purulent arthritis of 
the right knee joint, multiple draining subcutaneous sinuses, acute nephritis, hypo- 
plasia of the bone marrow, secondary anemia, hemosiderin in the liver and spleen 
and a decubitus ulcer 
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A summary of the important gross and microscopic pathologic observations 
follows The heart valves were thin and delicate, but there were several friable, 
gray-pink vegetations on the mitral valve There were several abscess cavities of 
various sizes m the right lung, which communicated with one another by small 
openings, one of which extended to the pleural cavity One cavity in the right 
lower lobe also communicated with a bronchus and with the operative wound in 
the chest to produce a bronchial fistula A fibnnopurulent exudate was found in 
the right knee joint, with extensive destruction of the cartilage There was exten- 
sive osteomyelitis of the left clavicle The kidneys show^ed numerous punctate 
hemorrhages The other organs were grossly normal 

Microscopically, one of the large cavities in the lung showed a communication 
with a bronchus, and the wall of the cavity was lined by granulation tissue, but 
there were areas suggesting smooth muscle in the w'all of the cavity, probablj 
representing a bronchiectatic dilatation of the chronically infected bronchus How- 
ever, there were fresh abscesses in the pulmonary substance In the pleura there 
w'as a thick layer of granulation tissue with a more superficial, fresh fibrino- 
purulent exudate All of these infections were apparentlj caused by an anaerobic 
streptococcus No spirochetes were found The vegetations on the mitral valve 
contained numerous colonies of bacteria, the vegetations were partly organized 
The kidneys showed numerous hemorrhages with blood in the tubules The bone 
marrow of the femur was gelatinous in appearance, and most of the myeloid cells 
had disappeared The rest of the organs w'ere normal 

Labojatoiy Sttidtcs — The original pleural fluid was thin and reddish brown 
and had a foul odor A smear made from the fluid showed spirochetes, fusiform 
bacilli, many gram-positive cocci and gram-negative bacilli There was no growth 
of the first culture aerobicallj on blood agar or in beef infusion broth Another 
culture of the pus on blood agar aerobically show'ed, after five days, a few fine 
colonies of cocci which seemed to be just under the surface and w’ere difficult 
to scrape off Another sample of the pus put into a broth tube (aerobically) 
produced a slight granular grow'th at the bottom of the tube Cultured anaerob- 
icallj on cooked meat medium beneath a petrolatum seal, there were a granular 
growth and the production of gas with a foul odor A stained smear of this 
culture showed only gram-positive cocci in short chains, singly and in pairs A 
culture of the pleural pus on blood agar in an anaerobe jar showed a growth of 
small colonies of streptococci with a narrow zone of complete hemolysis The 
other bacteria which were seen in smeais of this pus grew' neither aerobically 
nor anaerobically In milk medium under petrolatum there w'as rapid growth, with 
the production of much acid, clotting and an offensive odor In sugar mediums 
beneath petrolatum there was fermentation of sucrose, dextrose, maltose and lac- 
tose, but none of mannite Anaerobic growth in broth produced only a slight 
odor Transfer of the culture from the cooked meat medium to blood agar 
showed slow, fine growth aerobically after from five to eight davs, and in an 
anaerobe jar on blood agar, good growth in two days with moderately intense but 
complete hemolysis 

Expeumcnts m Animals (Biooks Shaw) — Intrapleural Inoculations Six 
rabbits received intrapleural injections with cultures of the anaerobic streptococcus 
The details are as follows One cubic centimeter of a twenty hour culture of 
the Brooks strain of anaerobic streptococcus growm in a cooked meat medium 
beneath a petrolatum seal was injected into the right pleural cavity of one rabbit, 
and 3 cc into another The first rabbit died within sixteen days, with massive 
empyema and abscesses of the mediastinum and of the mesentery The anaerobic 
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streptococcus was recovered from the lesions in pure culture, it grew slowly and 
poorlj aerobically but quicklj anaerobically The other animal was killed after 
SIX weeks and had a large walled-off empyema, the lung being destroyed on that 
side Aerobic culture produced no growth, but there was good growth of the 
streptococcus under anaerobic conditions 

The cooked meat culture from the empyema m the first rabbit was then injected 
mtrapleurallv into another rabbit (3 5 cc ) , it resulted m the death of the animal 
in twelve days and the production of another massive empyema The lung on that 
side was a consolidated, necrotic mass There were also abscesses m the medias- 
tinum and purulent pericarditis The anaerobic streptococcus was recovered from 
each lesion m pure culture Two and five-tenths cubic centimeters of the cooked 
meat culture from this empjema was then injected into the right pleural cavity 
of each of two rabbits One died within five days of empyema, localized abscess 
between the heart and the diaphragm (this abscess contained gas) and acute 
fibrinous pericarditis The other rabbit’s chest was aspirated after one month, 
pus was obtained and the same streptococcus isolated The animal was killed 
after two and a half months, when apparently in good condition A large walled-off 
empyema was found, the lung on that side was necrotic, and there were some 
smaller abscesses m the mediastinum Stained smear of tins pus showed strepto- 
cocci and gram-negative bacilli, but cultures gave no growth aerobically or 
anacrobicallj The sixth rabbit of this series was given 3 cc of a culture of the 
streptococcus from the empyema of the fourth rabbit The animal died within 
sixteen days, and autopsy showed empyema and abscesses of the mediastinum and 
of the wall of the chest The right lung was necrotic 

A summary of the experimental empyemas produced in rabbits therefore shows 
that 111 each of 6 rabbits which received intrapleural injections of young (eighteen 
to twenty-four hour) cultures of the anaerobic streptococcus, massive empyema 
resulted The empyema had the same characteristics m each case, except that in 
the cases of the rabbits surviving for a longer time it was surrounded by a more 
dense wall, and the pus had a much thicker consistency Two of the 6 rabbits 
received injections of the original culture, while the other 4 received injections of 
cultures passed on from the empjema m the first animal Each culture had the 
same characteristics It was a granular growth m a cooked meat medium under 
a petrolatum seal , there were a small amount of gas and a moderately foul odor, 
and stained smears showed only streptococci m short chains Two of the rabbits 
survived and were apparently m good condition when killed after six weeks and 
two and one half months, respectively, but the other four died within from five 
to sixteen days The pus m each case was thick and white and did not have a 
foul odor In only one case was gas found m any of the abscesses, and that was 
m an abscess between the heart and diaphragm In 4 of the 6 cases there were 
also abscesses in the region of the mediastinum In 1 there were abscesses in the 
mesenterj There were purulent pericarditis m 1 animal and fibrinous pericarditis 
in another 

In 1 rabbit the injection was made by mistake into the liver, and the animal 
was killed within three dajs when sick A large multilocular abscess was found 
111 the Iner 

Subcutaneous Inoculations In 2 rabbits, approximately 0 5 cc of the culture 
was injected beneath the skin of the thoracic wall, and a hard, localized abscess 
was produced with no evidence of redness of the skin over it , the abscesses showed 
no tendenci to progress and i\ere found to contain thick, white pus 
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Intracutaneous Inoculations Intracutaneous injection of 1 cc of culture in 
each of 2 rabbits produced abscesses winch broke open within thirteen days and 
five days, respectively, and discharged thick pus Thej healed within a few da>s 

Intravenous Inoculations Intravenous injection of 2 cc of cooked meat cul- 
tures of the streptococcus, containing small particles of meat, was made into the 
ear veins of 4 rabbits The particles of meat were used purposely to serve as 
infected emboli Two rabbits died within a few hours, no lesions were found 
at autopsy In 1 rabbit, which died within three da>s, there was an infarct in the 
lung with fibrinous pleurisy, and in the fourth, which lived for nine days, there 
was a large abscess in each lower lobe and a walled-off empyema between each 
lower lobe and the diaphragm Pathologic sections of the lungs showed abscesses 
with necrosis and colonies of bacteria which appeared to be only cocci One 
mouse survived an mtraperitoneal injection of 0 5 cc of culture of the streptococcus 

Comment — This case was one of extraoi dinary clinical interest On 
admission the patient presented physical signs suggestive of fluid in the 
right pleural cavity Thoracentesis subsequently revealed a putiid 
empyema The mode of production of the empyema was not clearly 
understood It was thought likely that an infection of the upper respira- 
tory tract was followed by bronchopneumonia, with the formation of an 
abscess which ruptuied into the pleural sac One of the most unusual 
features of the case was, that, although myriads of bacteria (both gram- 
positive cocci and gram-negative bacilli) were found m smears of the 
original fluid, no growth was obtained in the usual aerobic cultures, but 
there was an abundant giowth of a shoit-chamed streptococcus m the 
anaerobic cultures A comparison of the cultural chaiacteristics of this 
stieptococcus with others reported in the literature will be referred to 
later This organism did not remain a strict anaerobe, for after repeated 
tiansplants it grew aerobically This coccus was responsible for the pro- 
duction of multiple subcutaneous abscesses, pulmonary abscesses, osteo- 
myelitis and endocarditis The gram-negative bacillus, which was found 
only in the oiiginal stained smear of the empyemic fluid, failed to grow 
aerobically oi anaei obically 

The piesence of air in the multiple subcutaneous abscesses which 
developed during the patient’s illness ivas a constant finding of special 
interest, since the streptococcus isolated from the lesions produced gas 
in anaei obic meat-bioth cultures 

Empyema was produced in 6 rabbits by mtiapleural inoculation of an 
anaerobic culture of this organism The empyemic fluid was thick and 
white, as is charactei istic of pus found in infections of labbits The 
empyema was of long duration in 2 rabbits, one of these animals was 
killed within six weeks when apparently in good condition, and the other 
within two and one-half months The other 4 rabbits died within from 
five to sixteen days By intiavenous inoculation of labbits with cultuie 
plus meat particles as emboli it was possible to produce pulmonaiy lesions 
in 2 of 4 rabbits 
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Thus an anaerobic stieptococcus has been shown to be the chief 
etiologic agent in this patient’s illness, which was fatal Although there 
weie many other organisms in the pleural fluid, only one produced 
metastatic lesions, and this was recovered lepeatedly from the blood 
stream 

Case 2— Htsfo/ y—C B, aged 28, a white laborer, single, was admitted on 
Dec 19, 1931, and died on December 31 The chief complaints were a catching 
pain over the chest and fever of four days’ duration The family history was 
noncontributory The patient’s general health had been excellent He had always 
been obese, weighing 270 pounds (122 5 Kg) for several years He was examined 
a year before admission by his physician and found to be in good health Two 
weeks before admission he contracted a cold with a severe cough On December 
IS, four days before admission, he complained of a catching pain in the left side 
of the chest at the level of the eighth rib, the pain gradually grew worse He 
went to bed because of shortness of breath and pain m the chest The symptoms 
remained the same during the next two days The day before admission the 
patient became much worse The pain shifted to the upper left region of the 
chest and became more severe, the appetite failed, and there were fever and 
increasing dyspnea The patient coughed little, and there was never any blood 
in the sputum 

Physical Exammahon — The temperature was 103 6 F, and the pulse rate, 130 
The respiratory rate was 30, and the blood pressure, 154 systolic and 110 diastolic 
The patient was a well developed, obese white man, sitting propped up in bed 
groaning with pain in the left side He was oriented but seemed acutely ill There 
was cyanosis of the lips and nail beds There was no jaundice or petechiae The 
tongue was coated, and the tonsils were large and edematous A slight muco- 
purulent exudate was present in the pharynx The chest showed restricted move- 
ment of the left side and signs of solidification of the left lower lobe The heart 
was difficult to outline because of the obesity, but it did not appear to be enlarged 
The sounds were of good quality, and no murmurs were heard The pulse was 
rapid, equal and regular There was no thickening of the radial vessels Abdominal 
examination revealed nothing abnormal The extremities were normal There 
were also plij-^sical signs suggestive of Frohlich’s syndrome, i e, female crines, 
small genitalia, scant hair over the face and obesity 

The red blood cells numbered 5,200,000, and the white cells, 10,840 The 
hemoglobin was 100 per cent (Sahh) The differential count showed 85 per cent 
polymorphonuclears, 1 per cent polymorphonuclear basophil leukocytes, 6 per 
cent lymphocytes and 8 per cent myelocytes The red cells were normal 

Urinalysis showed a dark amber color , specific gravity, 1 035 , an acid reac- 
tion, sugar, 4 plus, albumin, 1 plus Microscopic examination of the sediment 
showed a moderate number of white blood cells, there were no red cells, but 
there were occasional granular casts Acetone and diacetic acid tests gave negative 
results 

A blood culture made under the usual aerobic conditions gave negative results 
The Wassermannn reaction of the blood was negative A culture of the throat 
showed Staphylococcus aureus. Streptococcus wndans, Micrococcus catarrhahs 
and pneumococcus, group IV 

The diagnosis on admission was lobar pneumonia of the left lung, diabetes 
melhtus, hjpertension and Frolihch’s sjndrome 
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Conise m the Hospital — An estimation ot the blood sugar made immediately 
after the discovery of glycosuria showed 210 mg per hundred cubic centimeters 
of blood Consequently vigorous efforts were made to control the diabetes through 
dietary regulation and insulin Physical examination showed extension of the 
pneumonic process in the left lung The patient’s temperature remained high The 
white blood cells numbered 17,300 On the third day after admission the tempera- 
ture remained elevated, and the patient had more pain in his chest A roent- 
genogram which showed a dense shadow occupying the entire left side of the 
chest suggested pneumonia and a large collection of fluid The physical examination 
did not, however, suggest fluid Cyanosis and djspnea were more marked, and the 
patient was put m an oxygen tent Sugar, acetone and diacetic acid were present 
in the urine despite large doses of insulin On December 23 the patient was slightly 
improved The phj'^sical signs were thought to be due to consolidation without 
fluid During the next two da\s the fever continued to be high , the white cell count 
remained elevated, and all of the specimens of urine showed a 4 plus reaction 
of sugar The patient’s condition remained the same until December 30, when signs 
of fluid in the left thoracic cavity became definite, and thoracentesis was done 
Thirty cubic centimeters of creamv, foul-smelling, purulent fluid was removed from 
the left side of the chest Smears of the fluid showed gram-positive cocci in pairs 
and chains, gram-negative bacilli, fusiform bacilli, a few spirilla and many pus cells 
A trocar thoracotomy was done immediately, and a rubber catheter was inserted in 
the chest and connected uith the continuous tidal drainage apparatus (Hart) On 
the following day, December 31, the patient became much worse His pulse w'as 
of poor quality The respirations were rapid and shallow^ There was marked 
cellulitis around the site of the thoracotomv incision, and this extended over 
a wide area of the anterior and posterior thoracic w'all The patient grew rapidly 
weaker and died that evening A blood culture taken on the day of death remained 
sterile when incubated aerobically Permission to perform an autopsy ivas refused 

Labojatojy Studies — There was no grow’th from the pleural fluid aerobically 
on blood agar plate, or in beef infusion broth, in spite of the fact that many 
organisms were found on smear Anaerobicalh in broth there w^as a granular 
growth at the bottom of the tube, and anaerobically' on blood agar there were 
small colonies without the production of hemohsis Smears of these colonies 
showed large gram-positive cocci, usually m pairs The coccus was not bile-soluble 
In cooked meat medium under petrolatum there was a rapid, diffuse growth with 
little or no gas and an extremely foul odor Smears of the culture on meat 
medium showed mostly short-chained streptococci but also a moderate number 
of short gram-negative bacilli This culture was transplanted to blood agar, and 
after two days in the anaerobe jar, two types of colony were found One of 
these was found to be a pleomorphic gram-negative bacillus, possibly the influenza 
bacillus, and the other a gram-positive coccus A pure culture of the coccus was 
obtained in meat medium, and this produced a granular growth with gas and little 
odor The bacillus w'as not isolated m cooked meat mediums It was thought 
that the anaerobic gram-negative bacillus, alone or in symbiosis with the strep- 
tococcus, was responsible for the foul odor of the cultures The first culture of 
the streptococcus grew only anaerobically, but after being transplanted several 
times in cooked meat mediums it w'as found to grow aerobically also, though 
slowdy 

Expel iments m Annuals — Intrapleural injections of 1 cc of cooked meat 
cultures of these organisms (predominantly anaerobic streptococci, but also a 
few anaerobic gram-negative bacilli) into a rabbit resulted in multiple pulmonar\ 
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abscesses on the side of the injection There were pleural adhesions and an abscess 
of the anterior mediastinum Anaerobic streptococci and gram-negative bacilli 
were recovered from the pulmonary abscesses and the mediastinal abscess An 
injection of 4 cc into the right pleural cavity of another rabbit resulted in death 
of the animal within seventeen days with massive empyema The fluid from the 
chest was semiwatery, grayish white and foul, and the empyema cavity was sur- 
rounded by a thick layer of fibrin The lung on the side of the inoculation was 
a reddish, compressed, necrotic mass A smear of the pus showed an abundance 
of streptococci and a moderate number of gram-negative bacilli The streptococcus 
recovered from this empyema grew aerobically within three days and showed 
good growth anaerobically within twenty-four hours It did not produce hemolysis 
Intravenous injections of this organism into two rabbits, cultures on cooked meat 
mediums being used, with particles of meat for emboli, resulted in no pulmonary 
lesions Intracutaneous injection failed to produce a lesion 

Comment — The patient was acutely ill on admission, and the signs 
of intoxication were marked The pulmonary infection was complicated 
by a severe diabetes, which was difficult to contiol A putrid empyema 
later developed for which thoracotomy was done with drainage of the 
large amount of fluid, but this failed to avert the fatal outcome, and the 
patient died with evidences of piofound toxemia A variety of organ- 
isms weie found on snieais of the empyemic fluid Anaerobic culture 
yielded a streptococcus and giam-negative bacillus The streptococcus 
was a facultative anaerobe It was usually found with an anaeiobic 
giaiii-negative bacillus (unidentified) but could be isolated in pure cul- 
ture It produced a small amount of gas with only a slight odor (when 
free of the bacillus) in cooked meat medium It failed to pioduce 
hemolysis on blood agai Cultures of the sti eptococcus produced a 
massive empyema in 1 of 4 rabbits on intrapleural inoculation and 
abscesses of the lung and mediastinum m anothei rabbit Intravenous 
and intracutaneous inoculations gave negative lesults 

Cash 3 — Histoiy — A P, aged 52, a colored cook, married, was admitted on 
Dec S, 1932 and died on December 22 The chief complaints were pam in the 
left side and cough for three daj s The family history was noncontributory The 
patient’s general health had been fairly good He had an attack of jaundice at 7 
j''ears of age, malaria at 9 vears, typhoid fever at 15 and right-sided pleurisy many 
years before admission At 30 he had an illness described as rheumatism, which 
lasted for one and one-half weeks and involved the joints of the left leg, right arm 
and hand He had been a heavy drinker for many years For two weeks prior 
to admission he had felt unwell because of a cold and cough On December 2, 
three days before admission, he had a shaking chill and a sharp pain m the lower 
part of the left axilla, accentuated by breathing There were marked malaise and 
nausea, but no vomiting The following da> the thoracic pain persisted , the chills 
recurred, and the pam shifted to the upper part of the axilla The patient vomited 
once on this day On the day before admission, December 4, the cough became 
worse and w’as productive of a white phlegm The sputum w^as never rusty or 
blood-streaked On the daj of admission, all of the svmptoms became aggravated 
and the patient was admitted to the medical ward 
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Physical Examination — ^The temperature was 103 F The pulse rate was 80 
and the respiratory rate, 52 The blood pressure was 160 systolic and 110 diastolic 
The patient was a husky colored man lying on the right side m acute respiratory 
distress He was obviously ill but alert and oriented Respirations were rapid, 
shallow and grunting, and there was dilatation of the alae nasi at every breath 
He coughed up a small amount of foamy white sputum There was no jaundice 
or cyanosis The pupils reacted normally but were irregular The mouth was 
foul because of dental caries The pharynx was injected The trachea was in 
the midline The chest was well formed There was great limitation of motion 
in the left region of the chest, particularly in the lower portion The right 
side moved normally and was normal to percussion and auscultation A leathery 
friction rub was heard in the left anterior axillary line Anteriorly, the left region 
of the chest was normal, posteriorly, for three fingerbreadths above the normal 
base there was dulness to percussion, the breath sounds were high-pitched, and 
expiration was prolonged The breath sounds were not definitely tubular The 
heart was not enlarged The point of maximum impulse was 8 5 cm to the left in 
the fifth space The heart sounds were regular and slow At the base the 
aortic and pulmonic second sounds were accentuated equally The aortic second 
sound was ringing and preceded by a blowing systolic murmur The abdomen 
was soft and not distended 

The red blood cells numbered 4,810,000, and the white cells, 12,760 The hemo- 
globin was 68 per cent (Sahli) The differential count showed juvenile poly- 
morphonuclears, 6 per cent, adult polymorphonuclears, 65 per cent, monocytes, 7 
per cent, and lymphocytes, 22 per cent The red cells showed slight achromia 
Urinalysis showed amber-colored and clear urine , specific gravity, 1 018 , reaction, 
acid, sugar, negatne, albumin, negative, in the sediment, no red blood cells, white 
blood cells m moderate number, with occasional clumping, and an occasional 
granular cast, acetone, negative, tfi-acetic acid, negative, bile, negative, urobilin, 
4 plus 

The diagnosis on admission was lobar pneumonia of the left lower lobe on the 
fourth day of illness, chronic alcoholism, delirium tremens, arteriosclerosis and 
hypertension 

Couise in the Hospital — For the first week of the patient’s illness m the 
hospital, the temperature was constantly elevated, varying between 101 and 104 F , 
with corresponding tachycardia and a rapid respiratory rate The white blood 
count during the first two or three days varied between 11,000 and 22,000 Three 
days after admission a pleuropericardial friction rub was heard over the left lower 
region of the chest Cultures from the sputum showed green streptococci. Staph 
aureus and diphtheroids No pneumococci were found Roentgenograms of the 
chest showed consolidation of the left lung On December 9 there was spread of 
the pneumonic process to the base of the right lung On December 11 the patient 
was still acutely ill, with signs of solidification of the left lower lobe but fewer signs 
at the right base He was semidelirious On December 12 he lost about 200 cc 
of blood by rectum because of bleeding hemorrhoids On December 13 he 
was disoriented and irrational On December 15 the development of suppression 
of breath sounds and voice sounds and a flat percussion note at the right base 
indicated the presence of fluid Thoracentesis was performed, but no fluid was 
obtained On December 16 the temperature still varied between 100 and 102 F , 
and the physical signs in the lungs showed few changes A friction rub heard 
at the apex of the heart was thought to be a pericardial rub On December 17 it 
was noted that the patient’s sputum, which previously had been mucopurulent and 
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occasionally blood-tmged, had become more purulent and extremely foul in odor 
Physical signs showed a rapid respiratory rate, tympany at the left base posteriorly 
and an area at the angle of the left scapula where the breath sounds were faintly 
tubular There were many rales of a metallic quality m this region Pleural 
friction rub still persisted Smears of the sputum showed numerous spirochetes 
and fusiform bacilli In view of the atypical pneumonia it was thought that the 
patient probably had a pulmonary abscess On December 18 he was given a 
transfusion of 500 cc of citrated blood without a reaction On December 19, 
in view of persistent signs at the angle of the left scapula, a second thoracentesis 
was done, but no fluid was obtained On December 20 the friction rub over the 
left side of the chest was still present, and the heart was found to be displaced to 
the right Blood cultures taken on admission and on three subsequent occasions 
gave negative results Roentgenograms of the chest showed ‘areas of consolidation 
involving the entire left lung with an area of lesser density suggesting lung 
abscess , bronchopneumonia right lung ” On December 22 the patient complained of 
attacks during which he could not get his breath He was exhausted and obviously 
weaker, the respiratory rate was as high as 80 per minute The patient was 
coughing up a small amount of foul sputum There was no deviation of the 
trachea There were indefinite signs of solidification in the right middle lobe and 
signs of shifting dulness m the left side of the chest indicative of hydropneumo- 
thorax A third thoracentesis was done in the left side of the chest, posteriorly 
Three hundred cubic centimeters of creamy, brownish, fetid, purulent fluid was 
removed During the process of removal a little air was obtained in the syringe, and 
when the patient coughed the plunger was forced outward with the air More fluid 
could have been obtained, but the patient was so weak that the procedure was 
stopped He died shortly after the thoracentesis 

Autopsy — The anatomic diagnoses was lobar pneumonia of both lungs and 
multiple abscesses of the left lower lobe, with organization of the surrounding 
exudate, a bronchial fistula and empyema on the left side and fibrinous pleurisy 
of the right side , an acute splenic tumor , hyperplasia of the bone marrow , multiple 
gummas and scarring of the liver , slight arteriosclerosis, and scars in the pancreas 

Labojcttoiy Studies — The pleural fluid was grayish brown, moderately thick 
and foul in odor A smear showed a predominance of gram-negative bacilli and 
gram-positive cocci There were also a few fusiform bacilli There was no 
growth aerobically, but when the exudate was inoculated into cooked meat medium 
under petrolatum there was a diffuse growth with gas and a foul odor A smear 
of this showed gram-positive cocci (very small and often in short chains) and 
thin, rather long gram-negative bacilli Anaerobic culture of this cooked meat 
culture on blood agar produced small colonies of vindans streptococci , the gram- 
negative bacilli did not grow on blood agar, aerobically or anaerobically The 
anaerobic meat-medium culture was also transferred to blood agar and left under 
aerobic conditions There was a slow growth in three days of fine colonies show- 
ing vindans hemolysis, which proved to be gram-positive cocci The colonies of 
cocci from the anaerobic blood agar plate were then put into plain broth (not 
anaerobic) and in meat medium under petrolatum In both there resulted a good 
growth without the production of gas or odor The organism was not soluble 
in bile and produced acid in dextrose, maltose and sucrose but not in lactose or 
manmte 

A rabbit was given an intrapleural injection of 3 cc of the meat medium 
culture The animal was killed two months later, but no lesion was found except 
3. few plcursl sdhcsions on the side of the injection 
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Cohimenf — On admission the patient was thought to have lobar 
pneumonia of the left lowei lobe in the fourth day of the disease The 
physical signs were not classically those of lobar solidification, howevei, 
and numeious cultures of the sputums with inoculations into mice failed 
to reveal pneumococci As the disease progiessed during the fiist week, 
pleural and pleuropei icardial fiiction rubs were conspicuous During 
the second week the sputum, which had formerly not been offensive, 
became foul Physical signs ovei the left lower lobe plus the foul 
sputum suggested a pulmonary abscess, and this was confirmed by roent- 
genograms During the third week the patient remained critically ill, 
and signs of a left hydropneumothorax developed This proved to be a 
pyopneumothorax, as 300 cc of foul-smellmg fluid plus an was removed 
from the left side of the chest The suspicion at the time of death of 
confluent bronchopneumonia with pulmonary suppuration, a broncho- 
pleural fistula and putrid empyema was confirmed at autopsy The 
autopsy showed numerous abscesses, one of which w^as in open com- 
munication with the pleura, and it was evident that the rupture of this 
abscess into the pleiual cavity was responsible foi the putiid emp3ema 

The empyemic fluid contained a numbei of organisms Gram- 
negative bacilli and giam-positive cocci iveie m equal number, and there 
were similar numbei s of fusiform bacilli The smears of sputum showed 
numerous fusifoim bacilli and spirilla Cultures of the pleural fluid 
yielded a facultative anaerobic green sjti eptococcus and an unidentified 
small gram-negative bacillus (possibh the influenza bacillus) The 
streptococcus was the only organism which could be carried on through 
subsequent cultuies Although at first it grew only anaerobically, sub- 
cultuies later grew'’ faiily w^ell aeiobically This streptococcus alone oi 
m symbiosis with othei anaeiobic oiganisms seems to have been lespon- 
sible for the patient’s pneumonia and empyema 

Case 4 — Histoi y — S C , aged 53, a colored carpenter, was admitted on 
April 27, 1932 He was discharged on July 12 The chief complaints were short- 
ness of breath and pain in the right side The family history was not obtained 
The patient was too ill to give an account of his previous condition His general 
health, however, had been excellent He was m good health until seven weeks 
before admission when he contracted a cold and had a sharp pain in the chest, 
accompanied by chill, malaise, fever and a cough with yellownsh sputum The 
illness w'as diagnosed as pneumonia by his physican Within two weeks he was 
somewhat improved Four weeks before admission a dull, aching pain developed 
in the right lower region of the chest and in the upper part of the abdomen The 
cough persisted and w'as productive of mucoid but not purulent sputum The 
appetite failed, pain persisted intermittently, he had frequent sweats at night 
and chills, and for a considerable period was delirious 

Physical EAammaiioii — The temperature was 102 4, the pulse rate, 102, the 
respiratory rate, 36, the blood pressure, 150 systolic and 98 diastolic The patient 
looked acutely ill and complained of severe pain in the right side of the chest 
and the upper part of the abdomen There w'ere dvspnea, orthopnea and cyanosis 
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An infrequent cough was productive of tenacious sputum The teeth were m 
poor condition The pharjnx was injected The heart was not enlarged, the 
rate was rapid but regular, and no murmurs were heard The chest showed 
elevation of the left side of the diaphragm and normal pulmonary resonance on 
this side, on the right there was dulness below the fourth rib anteriorly and the 
seventh spine posteriorly, with distant to absent breath sounds and occasional coarse 
rales The abdomen showed fulness m the right upper quadrant and an enlarged, 
tender liver The spleen and kidneys were not felt Large internal hemorrhoids 
and a firm prostate were found on rectal examination 

On admission the blood showed 3,520,000 red cells and 16,500 white cells The 
hemoglobin was 55 per cent (8 Gm ) The differential count showed polymorpho- 
nudears, 617 per cent, mvelocytes, 17 2 per cent, lymphocytes, 20 3 per cent and 
monocytes, 0 8 per cent The blood smear showed that the red cells were smaller 
than normal, with central pallor There was a shift to the left in the granulo- 
cytes Urinalysis on admission showed yellow, clear urine, specific gravity, 
1 013, reaction acid, sugar, negative, albumin 1 plus Microscopic examination of 
the sediment showed a moderate number of white blood cells, but no red cells, 
and a moderate number of granular casts 

The diagnosis on admission was empyema at the right base, with possible 
subdiaphragmatic abscess on that side 

Camse tn the Hospital — A roentgenogram of the chest confirmed the impression 
of fluid at the right base Thoracentesis was done immediately, and with the 
needle m the eighth interspace in the posterior axillary line 8 cc of thick, 
greenish-yellow, fouI-smelling pus was removed During that afternoon the patient 
had a shaking chill with a rise in temperature to 105 F Trocar thoracotomy was 
performed, and a rubber catheter was inserted and connected with the continuous 
tidal irrigation apparatus (Hart) On April 28 there was considerable drainage 
of pus from the catheter The patient was given a transfusion of 500 cc of citrated 
blood with no reaction The number of white blood cells increased to 14,400 The 
temperature remained between 101 and 104 F On April 29 the temperature was 
lower, but the patient was still critically ill Physical signs in the chest had changed 
little The respirations were rapid and shallow The catheter was draining freely 
The abdomen was markedly distended, and the tenderness in the right upper quad- 
rant persisted There was still thought to be a possibility of a subdiaphragmatic 
abscess, but no further operative procedures were done During the next three or 
four days there was a gradual decline in the fever The pulse remained accelerated 
The white blood cell count remained between 16,000 and 20,000 The patient was 
delirious at times Blood cultures taken on admission aerobically and anaerobically 
showed no growth Culture of the sputum showed green streptococci and hemolytic 
and nonhemolytic staphylococci The smears showed no acid-fast bacilli On 
Mav 6 there were definite signs of improvement The patient looked much better, 
but the temperature still remained elevated, and signs of solidification of the 
right lower lobe persisted Abdominal distention was less, and the tenderness was 
somewhat reduced On May 9 and 10 the temperature chart showed an evening 
peak of 103 F , with corresponding tachycardia The cough was less, and the 
sputum not offensive or bloody There were many moist rales at the left base 
posteriory The right side of the chest was clear anteriorly, but dulness and 
distant tubular breathing were still present posteriorly at the base The rises in 
temperature suggested an area of pus which was not being adequately drained 

During the next week his condition changed only a little On May 19, because 
of the patient’s continued improvement and the diminution m drainage from 
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the chest, the use of the irrigation apparatus was discontinued, and the catheter 
left in place Thoracentesis of the right side of the chest was again performed, 
but no fluid was obtained Following the removal of the apparatus for drainage, the 
temperature fell to normal and remained there for three days An abscess in the 
subcutaneous tissues surrounding the catheter was opened, and a large amount of 
pus evacuated, from which was grown Bacillus pyocyaneus and diphtheroids 

The patient continued to improve, and on May 31 the catheter m the chest 
was removed The patient coughed up daily about 200 cc of frothy sputum Smears 
were repeatedly negative for acid-fast bacilli The signs in the lungs slowly 
cleared 

During the month of June convalescence continued The temperature remained 
normal but tachycardia persisted The electrocardiographic studies showed no 
abnormalities On July 1 the patient was up and around the ward, feeling much 
improved The cough and the pulmonary signs gradually cleared The blood 
responded slowly to therapy with an iron preparation The patient was discharged 
on July 12 Roentgenograms taken shortly before discharge showed only the 
evidence of a thickened pleura 

Laboiato)y Studies — The pus obtained from the pleural cavity was rather 
thick, greenish-white and foul No spirochetes were found on smear or on dark 
field examination Smears showed many gram-positive cocci in short chains In 
addition, there were many groups of large curved, weakly gram-negative bacilli 
They were always found in small groups, consisting of about ten organisms 
intertwined in a characteristic manner These gram-negative bacilli did not grow 
m subcultures, and they were never identified satisfactorily, as they did not cor- 
respond to any organisms that we had observed in pleural fluids up to that time 
Some observers thought they were fusiform bacilli, though they were weakly 
gram-negative In some ways they resembled an organism described by Harris 
and Brown 29 and isolated from the uterus m 6 cases of puerperal infection 
This was a pleomorphic gram-negative bacillus, often long and curved or beaded, 
and sometimes branching They called it Actinomyces pseudonecrophorus, as it 
was much like Actinomyces necrophorus — an organism which is very pathogenic 
for animals and which produces lesions of a gangrenous and ulcerative character 
in many different species of animals It is a strict anaerobe and is killed by a 
brief exposure to air The possibility that this was the organism with which 
we were dealing became more plausible when we learned that Shaw has recently 3° 
reported the isolation of A necrophorus from a pulmonary abscess in a man, and 
that it has been found responsible for various lesions m man, such as a pseudo- 
diphtheria, abscesses of the tissues of the hip joint and retropharyngeal abscesses 
with gangrene 

Aerobic broth culture showed a slight growth of streptococci at the bottom 
of the tube, but there was no growth when this was transferred to blood agar 
Anaerobically in cooked meat medium there was a diffuse growth of gram-positive 
COCCI, with no gas and a moderately foul odor Aerobic culture of the original 
pus on blood agar gave no growth, but subsequent culture on blood agar from the 
meat medium resulted in a slow growth of the streptococcus, with the production 

29 Harris, J W , and Brown, J H Description of a New Organism That 
May Be a Factor m the Causation of Puerperal Infection, Bull Johns Hopkins 
Hosp 40 203 (April) 1927 

30 Shaw, F W Science 77 392 (April 22) 1932 
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of a small amount of hemolysis Anaerobic culture on blood agar gave a good 
growth of pure culture of a green streptococcus 

The original pus injected into the pleural cavity of a rabbit produced large, 
walled-off empyema with thick white, odorless pus, a smear of which showed 
gram-positive cocci Injection of this streptococcic culture (5 cc intrapleurally) 
into another rabbit gave negative results Intravenous injection also gave negative 
results 

Comment— In this case the anaerobic stieptococci were found in 
the pleural fluid in association with an unusual type of gram-negative 
bacillus which was never satisfactorily identified No spiiilla were seen 
on smears of this fluid, and none was demonstrated in the sputums 
The impiovement of the patient was slow but definite undei continuous 
iriigatioii of the pleural cavity with saline solution He was discharged 
from the hospital after two and one-half months, greatly impioved 

Brief mention may be made of three cases othei than those of putrid 
empyema in which anaerobic stieptococci were recovered In 2 of them 
the organism was isolated from pus obtained fiom pulmonary abscesses 
at the time of operation , in the remaining case the organism was obtained 
fiom hepatic abscesses post mortem 

Case A — The patient, H , had an acute pulmonary abscess At operation foul, 
moderately thick pus was obtained Smears of the pus showed many spirochetes, 
fusiform bacilli and gram-positive cocci The cocci proved to be streptococci 
which grew slowly aerobically on blood agar In beef infusion broth there was 
slight granular growth at the bottom of the tube Anaerobically, in cooked meat 
medium and on blood agar, there was rapid growth with a slight amount of 
hemolysis The cooked meat medium produced a diffuse growth with gas and a 
foul odor The organism was found to ferment sucrose, dextrose, lactose and 
maltose, but not mannite Two rabbits received intrapleural injections of culture 
of twenty-one to twenty-four hour cooked meat medium of this streptococcus 
One was killed after one month, and the other after one and one-half months, 
though both animals appeared in good condition In 1 an abscess was found m the 
pleuropericardial region, with adhesions to the right lung and heart There was 
no growth from the pus, which was cultured aerobically, but anaerobically in 
meat medium there was a pure culture of streptococcus Anaerobically on blood 
agar there was a growth of small colonies after four days Smears of the 
colonies showed a short-chained streptococcus and a gram-negative bacillus which 
did not grow on subsequent subculture In the other rabbit the only lesions found 
were pleural adhesions on the side of the injection Intracutaneous inoculation 
of 0 5 cc of the culture of streptococcus resulted in a firm abscess with no redness 
of the skin 

This was therefore an organism which was found associated in the original 
pus with spirochetes and fusiform bacilli In pure culture it was a streptococcus 
growing well anaerobically, with production of gas and a foul odor, aerobically 
It grew poorlj It was of low \irulence for rabbits on intrapleural injection 

Case B — The patient, S , had a chronic pulmonary abscess Thick, brown, foul 
pus was obtained at operation Smears showed spirochetes, fusiform bacilli and 
gram-positue cocci Cultures resulted in the growth of a green streptococcus 
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growing better anaerobically than aerobically (it grew aerobically only after 
repeated transplants), ivith no gas but with a foul odor on meat medium 

Case C— G, a white man, aged 25, was admitted because of fever, epigastric 
pain, chills, nausea and vomiting of seven daj's’ duration On admission he was 

acutely ill, with a temperature of 106 F and tachycardia of 124 Physical 

examination revealed little except tenderness m the epigastrium and leukocytosis 
of 50,000 The diagnosis on admission was obscure The possibilities suggested 
were pneumonia, an infection m the kidney or an infection in or about the liver 
The epigastric pain continued with nausea, vomiting, irregular fever and leuko- 
cytosis The patient later became jaundiced He died in uremia, with complete 
suppression of urine Autopsy showed multiple hepatic abscesses, subacute appen- 
dicitis and thrombosis ot the portal vein, with infection of the portal branches 

ivithin the liver Although three blood cultures were taken during life and 

incubated aerobically, none showed any growth Cultures of the heart’s blood 
and the hepatic abscesses at autopsy revealed two organisms (1) an anaerobic 
beta hemolytic streptococcus fermenting lactose, dextrose, sucrose, salicin and 
maltose but not manmte, inulm or raffinose, this organism conformed to the 
Streptococcus intermed'us of Prevot, and (2) an unidentified short, slender 
anaerobic gram-negative rod 

This case \vas puzzling clinically and was settled only by' postmortem examina- 
tion The infection most likely began with an attack of appendicitis with sub- 
sequent pylephlebitis and hepatic abscesses The importance of incubating the 
blood culture anaerobically should be mentioned in this connection 

COMMENT 

This report deals with the clinical and bactei lologic observations in 
7 cases of putrid purulent infections fioin which anaerobic streptococci 
were isolated Six of the patients suffered from acute respiratory infec- 
tions, and 1 from hepatic abscesses Anaei obic sti eptococci were the only 
organisms recoveied cultuially m 6 of the cases, and m the other they 
were abundantly piesent with a mixed flora The significance in patho- 
genesis, which the piedominance of this type of bacteria suggested, was 
supported by experimental results in rabbits 

The 4 patients who had putiid empyema were men, 3 of them died 
In the cases with a fatal outcome the duration of the disease was from 
sixteen days to two months The patient, who recovered, had a pio- 
longed illness which lasted foui months 

From the clinical standpoint the cases are of interest in that the 
putiid empyema developed acutely and suddenly and was not a compli- 
cation of a pieceding chionic pulmonary infection The studies indi- 
cated, however, that the pleural infection was associated with 
intrapulmonary infection This relationship was proved in 2 of the 
cases which were examined post moitem 

The fluid aspirated from the pleural cavity had a characteristically 
offensive odor and was moderately thick, varying in color from 
brownish-gray to gieen A stained smeai of this pus at the tune of 
the first aspiration in each case revealed m}nads of bactei la of various 



575 


FISHER-ABERNETHY— PUTRID EMPYEMA 

types Spirochetes and fusifoim bacilli were found in 2 cases, and a 
giam-negative bacillus (usuall)’' sboit but at times long and thin) was 
present in 3 Theie was a gram-positive coccus (usuall}’^ predominating) 
in all 4 cases In 1 theie were in addition to the coccus, many small 
groups of long, curved giam-negative bacilli, these were always found 
111 isolated gi oups and were intertwined in a chaiacteristic manner 
Bactenologically, the cases weie complex It seems to us of inteiest, 
however, and probabl}^ significant, that anaeiobic streptococci weie 
present in each case, although the associated organism, which constituted 
the floia, was not consistently of one type Fuitheimore, that the 
method of laboratory cultivation is of special importance is demonstrated 
by the fact that streptococci weie chiefly recovered under anaerobic con- 
ditions, when the usual aerobic methods failed. The results are illus- 
tiative of the impoitance of considering cultural and environmental 
factors when one attempts to isolate bacteria from pathologic lesions Of 
the four strains of streptococci, two were viridans, one nonhemolytic and 
one hemolytic They grew in shoit chains and produced a granular 
giowth m cooked meat mediums beneath a peti datum seal, usually with 
a foul odor Though they could be grown only slowly or not at all under 
aerobic conditions, subsequent transplants from the original fluid showed 
a definite though slow growth aerobically There was always a luxuriant 
growth anaeiobically In biologic and cultural characteristics they 
resemble in some ways the Streptococcus putndus of Schottmuller 
and the Streptococcus inteimedius of Prevot The latter organism was 
found in pulmonary conditions, but both these types are described as 
stiict anaerobes, whereas ours were facultative anaerobes Another of 
Prevot’s gioup is lefened to as ''anaerobes by piedilection,” the first 
cultures growing only anaeiobically, while subcultures grow aerobically 
also This gioup Prevot called "Streptococcus evolutus,” and most of 
the strains were isolated from pulmonary conditions If an attempt is 
made to classify the stieptococci which we are reporting undei any one 
heading, they would seem to coiiespond to the latter group more closely 
than to any othei 

We have reviewed the subject of putrid empyema because it is not 
an extremely uncommon sequel to pulmonaiy suppuiation of various 
types, when it develops, the piognosis becomes grave We have also 
made special refeience to an anaerobic streptococcus which was found in 
the 4 cases repoited because it is an organism that is found throughout 
the body m vaiious putrid and gaiigienous lesions Its presence is apt 
to be overlooked unless anaerobic cultures aie taken Our studies indi- 
cate that it was the chief etiologic agent in the 4 cases of putrid 
empyema, in 1 of which it invaded the blood stream, pioduced multiple 
metastatic abscesses and endocarditis and was obviously the cause of 
death 
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Although the theiapeutic side has not been emphasized in this report, 
surgical drainage would seem to oflfer the best chance of cure Intra- 
venous injections of neoarsphenamine are probably of value in cases in 
which spirochetes are found, especially if they are also in the sputum 
Extensive cellulitis of the thoracic wall, with the formation of gas, may 
follow surgical drainage or aspiration, owing to the leakage of the 
organisms along the path of the needle or the incision A therapeutic 
procedure that may offer additional help in dealing with such effusions, 
swarming as they are with anaerobes, is the replacement of the empyema 
by air We have had no experience with this form of treatment of 
empyema, but favorable results have been reported by Danna and others 
in all forms of empyema 

SUMMARY 

1 Attention is called to the fact that infections due to anaerobic 
streptococci may occur frequently and fail to be recognized unless cul- 
tivation IS properly performed 

2 A case is reported of putrid empyema with pulmonary abscesses, 
septicemia and metastatic putrid abscesses due to a gas-producing, facul- 
tative anaerobic streptococcus 

3 Other cases of putrid empyema aie reported in which an anaerobic 
streptococcus was found in conjunction with other organisms 

4 Anaerobic streptococci were found to be the predominant organ- 
isms in 2 cases of pulmonary abscess in which cultures were made 
directly from the pus at operation Other authors have stressed the 
frequent occurrence of these organisms in such lesions 

5 Although the finding of anaerobic streptococci in cases of pleural 
and pulmonary disease has been emphasized, the literature indicates their 
frequent occurrence in other infections, notably in cases of puerperal 
sepsis or septic abortion, otitis media, pulmonary abscesses and hepatic 
abscesses 

6 Mention is also made of a case of pylephlebitis with multiple 
hepatic abscesses due to an anaerobic stieptococcus An attempt is 
made to identify the streptococci reported with various types described 
in the literature They do not completely fulfil the characteristics of 
any one group 

7 Cultures of one strain were capable of producing empyema in rab- 
bits when injected intrapleurally Other stiains gave varying results 
under similar conditions 

8 Evidence is presented to indicate that these streptococci may often 
be pathogenic for man and for animals 
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On the basis of postmortem investigation and theoretical considera- 
tion, section of the splanchnic nerves was suggested by Jean ^ in 1921 
for the relief of pyloric spasm, hyperacidity and hypersecretion In 
1923 Danielopolu,^ considering the importance of the splanchnic nerves 
m the regulation of arterial pressuie, conceived the idea of their resection 
in the treatment of hypertension In the same year, Brunmg ^ suggested 
the same surgical procedure, and in 1924 Pende ^ proposed before 
the Congress of Internal Medicine at Milan surgical treat- 
ment of aiteiial hypei tension which consisted of resecting the 
left splanchnic nerves In 1927 Pieri® perfoimed unilateral resec- 
tion of the splanchnic nerves for intestinal atony In 1930 Pieii,^ 
following the suggestion of Pende, successfully resected the left splanch- 
nic neives of two patients suffering from arterial hypertension In 
1932, Durante,^ of Genoa, resected the large and small left splanchnic 
nerves of two patients suffering from different arterial diseases These 
cases were reported by Santucci,® and although they were not true cases 
of hypertension, the postoperative observation indicated a fall in both 
systolic and diastolic pressures In giving a resume of the surgical tech- 
nics which have been described in the literature, Pereira ’’ stated that 

From the Division of Neurosurgery (Dr Craig) and Medicine (Dr Brown), 
the Mayo Clinic 

Read before the Forty-Eighth Annual Meeting of the Association of American 
Physicians, Washington, D C, May 9, 1933 

1 Jean, G Les nerfs splanchniques au point de vue chirurgical, Arch de 
med et pharni nav 111 * 292 , 1921 

2 Danielopolu, quoted by Pereira 

3 Brunmg, Friedrich, and Stahl, O Die Chirurgie des vegetativen Nerven- 
systeins, Berlin, Julius Springer, 1924 

4 Quoted b.v Santucci ® 

5 Pieri, Gino La resezione dei nervi splancnici, Ann ital di chir 6 678 
(July) 1927 

6 Santucci, Gastone La therapeutique chirurgicale de I’bypertension arterielle 
selon la methode de Pende, Clinique, Pans 27 9 (Jan ) 1932 

7 Pereira, Antonio Ner\i splaenchnici, Porto, Portugal, Tipografia Porto 
Medico, Ltd, 1929 
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Pien’s technic consisted of resection of the splanchnic neives by means 
of the supiadiaphragmatic approach aftei lesectmg the tenth, eleventh 
and twelfth iibs Rossi ® attacked the splanchnic nerves between the 
attachments of the diaphragm after lesecting the transverse piocess of 
the eleventh and twelfth thoracic vertebiae and the twelfth iib when 
necessaiy Pereira objected to the two pi e\ ions technics because of 
the dangei of injuring the pleuial sac and proposed section of the 
splanchnic nerves below the diaphiagm without resection of bony 
stiuctuies 

In 1925 Rowntree and Adson “ perfoimed bilateial lumbar sympa- 
thetic ganglionectomy on a patient with hypei tension The beneficial 
effects weie only transient, and latei Adson attempted to lelieve hyper- 
tension associated with severe headaches by lemovmg the ceivicothoiacic 
sympathetic ganglions In both cases it was the opinion that insufficient 
vasculai aieas had been affected by the operation In 1930 Adson and 
one of us (Ciaig) divided the light and left anteiioi loots of spinal 
neives from the sixth thoracic to the second lumbai ganglions, the 
patient was a young adult who had a severe foim of essential hypei - 
tension The operation was followed by definite impiovement in the 
h} pertension, but, because of the manipulation of the spinal cord that 
It entailed, extensive resection of the nerves was not considered a satis- 
factory method of combating the changes in the blood piessuie 

The splanchnic neives are composed of preganglionic fibeis which 
emerge from the spinal cord through the anterior loots and entei the 
thoiacic sympathetic ganghonated trunk by means of communicating 
rami These fibei s traverse the ganglions and make then exit by means 
of fibers given off by the fifth to the twelfth thoracic ganglions The 
majoi splanchnic neive is usuall)'- composed of fibeis fiom the fifth to 
the tenth ganglions, and the minoi splanchnic neive of fibeis from the 
last two doisal ganglions The splanchnic neives leave the thoracic ca-vih 
and entei the abdominal cavity between the cruia of the diaphiagm 
It IS at this point that lesection is cairied out 

PATHOGENESIS OF ESSENTIAL HYPERTENSION 

Of the vaiious hypotheses concerning the etiology of essential hypei - 
tension, the most acceptable is that the condition is of neuiogenic oiigin 
Hypersensitivity or hyperi eactability of the vasomotoi nervous mecha- 
nism IS postulated Whethei this abnoimality is of cential origin, that 

8 Rossi, Ferdinando La resezione del tronco simpatico toracico e dei nervi 
splancmci nello spatium inframediastinale posterius. Arch ital di chir 21 ‘729, 
1928, abstr, Zeiitralbl f Chir 56 1334 1929 

9 Rowntree, L G , and Adson, A W Bilateral Lumbar Sympathetic Neu- 
rectomj'- m the Treatment of Malignant Hypertension, J A M A 85 959 (Sept 
26) 1925 
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IS, whether theie is a hypei sensitu e \asomotor center, lowered tonus of 
the cardio-aortic and carotid sinus reflex zones oi some abnoimality 
of the penpheial mechanism, is not known The expeiimental evidence 
of Raab is that an increase m the concentration of carbon dioxide in 
the blood augments the vasopressoi effects by action on the vasomotor 
centeis Similai increase in the leactions of hypei tensive subjects is 
obtained by means of stimulation by cold Clinical evidence favoi s 
a cential basis for the abnormality m essential hypertension foi the 
following reasons 1 The vasoconstnctoi disturbance is widely dis- 
tiibuted 2 Analogies to othei sympathetic distuibances of the cential 
mechanism exist, such as distmbance of the heat-regulating centeis in 
ceitaiii lesions of the hi am 3 Demoiistiable pathologic abnoimalities m 
the arteiioles, endocrine glands oi S3unpathetic nerves of subjects with 
the earliest foims of hypei tension aie not found It is probable that 
aftei 01 game changes have occuiied m the aiteiioles, penpheial pressoi 
effects constitute a superimposed pressor factor Renal scleiosis and 
insufflcienc} add a fuither penpheial pressoi element The pait played 
by pressoi hoimones is not clear, but may be impoitant Although 
the etiology of the fundamental pathologic change is unknown, attempted 
control of the abnoimal cential vasopiessor leactions is logical A 
siinilai pioblem exists m Raynaud’s disease, contiol of which is made 
possible by blocking the efferent pathways to the vessels In the eaily 
stages of this disease, evidence indicates hypen eactability of the centers 
in the spinal coid At this stage, lesection of the sympathetic ganglions 
effects cluneal cuie In the more advanced stages, Lewis wrote, a 
penpheial “fault oi demonstrable oiganic occlusion of the smallei digital 
aitenes supenmposes an additional factoi, not completely controlled b}^ 
section of the sympathetic neives” 

RATIONALE OF SPLANCHNIC SYMPATHECTOMY 

Maintenance of the blood piessure involves two mechanisms One 
mechanism maintains the systemic blood pressure at optimal levels The 
factoi s involved in this aie multiple Maintenance of blood piessure 
is not matenally affected by removal of the S3mipathetic nerves, as has 
been shown by Cannon The other is a mechanism of lesponse, involv- 

10 Raab, W Central Vasomotor Irntabilih , Contribution to the Problem 
of Essential Hj pertension, Arch Int Med 47 727 (Iilay) 1931 

11 Hines, E A , Jr , and Brown, G E A Standard Stimulus for Measuring' 
Vasomotor Reactions Its Application in the Study of Hypertension, Proc Staff 
Meet, Majo Chn 7 332 (June 8) 1932 

12 Lewis, Thomas Experiments Relating to the Peripheral Mechanism 
In^ol^ed m Spasmodic Arrest of the Circulation in the Fingers, a Variety of 
Raynaud’s Disease, Heart 15 7 (Aug ) 1929 

13 Cannon, W B Personal communication to the authors 
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mg rapid increases of the blood pressure to stimulation psychic, sensory 
and otherwise It is the “response” or vasopressor reactions which 
we wish to emphasize m writing of the therapeutic endeavors m 
hypertension 

Recent studies have shown that the hypertensive response of the 
blood pressure m cases m which the earliest forms of essential hyper- 
tension are present is the sole abnormality as yet demonstrated With 
a standard stimulus (local application of cold) it has been shown that 
the blood pressuie of noimal subjects and of patients with diveise types 
of diseases momentarily increases , the increase averages 10 mm of mer- 
cury systolic and 8 mm diastolic In the cases of mild or early essential 
hypertension the average increase is three times greater than this In 
the more advanced types of hypei tension, increases of from three to 
SIX times the normal lesponse are obtained A group of young subjects 
from 16 to 30 yeais of age, apparently normal, m the immediate families 
of 75 per cent of whom hypertension had appeared, have had reactions 
of the same magnitude as have subjects with early hypertension These 
we have called the “hyperreactive normals ” This suggests that the 
vasopressor mechanism of subjects predisposed to essential hypertension 
IS constitutionally abnormal, the abnormality expressing itself as an 
excessive reaction to stimulation The reaction is of the same order as 
that of normal subjects, except that it is magnified If this is true, this 
functional stage of essential hypertension assumes an important part in 
the explanation of the evolution of the disease and of the subsequent 
organic changes in the arterioles These excessive reactions constitute 
abnormal degrees of arteriolar “wear and tear ” The problem of treat- 
ment of hypertension, then, will involve endeavois to block or modify 
these excessive responses before the onset of organic or irreversible 
lesions in the arterial tissues, with ensuing high blood pressuie 

Selection of Cases {Theoietical Consideiohon ) — In the clinical 
forms of essential hypertension, two groupings are possible, the func- 
tional or “preoigamc” and the organic types This distinction can be 
made on the basis of the appearance of letinal arterioles and by quanti- 
tative studies of the arterioles in a specimen of muscle removed for 
biopsy In some cases this division is clear, m others, both organic 
and spastic elements are present The existence of a spastic form of 
retinitis, as described by Wagener in organic types of hypertension, 
has helped to clarify this concept The excessive response of blood 
pressure to stimulation has given fuither evidence of the spastic element 
in certain types of essential hypertension Certain subjects with hyper- 
tension have periods in which the blood piessure is excessively labile 
The problem in selection of the type of subject who is suitable for 
resection of the splanchnic nerves entails recognition of the degree in 
which the case exemplifies these two factors, the spastic or vasomotor 
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and the organic The first is concerned with abnormal fluctuation of the 
blood pressure and the second with levels of the blood piessure attained 
under lesting or basal conditions To evaluate these components before 
operation is important, for removal of the vasomotor control of the 
splanchnic bed would, theoretically, modify only the vasomotor element 

Piocediaes—Thz maximal leactions of the blood pressure are detei- 
mmed by application of cold and by carbon dioxide tests The increase 
and the maximal level attained then become the criteria with which the 
effects of subsequent therapeutic measures can be compaied Hourly 
leadings of blood pressure are taken for twenty-four hours under con- 
trolled conditions, and the mean lesting levels and hourly fluctuations 
aie detei mined 

In spinal anesthesia procaine hydiochloride m doses of fiom 60 
to 75 mg IS employed The blood pressures are taken every fifteen min- 
utes, and the cold test is lepeated at frequent mteivals With anesthesia 
to the level of the nipple the lesponses of the blood pressure to cold 
aie gieatly i educed or obliterated, and the splanchnic chemical deneiva- 
tion should be complete In addition to anesthetization of the sympa- 
thetic neives the motor and sensoiy fibers of the lowei limbs and 
abdominal wall are also temporarily blocked Vasodilatation of the 
suiface vessels of the toes is taken as evidence that the sympathetic 
neives aie anesthetized Emmett's studies with spinal anesthesia 
levealed that sympathetic, sensory and motor nerves are anesthetized 
111 the oidei named Preoperative studies with spinal anesthesia were 
made to obtain information conceiniiig the extent cephalad to which 
anesthesia must be induced to dimmish or inhibit the pressoi leactions 
and to determine the probable effects of splanchnic denervation on 
these responses The oiganic changes are evaluated by measuiements 
of the arteiioles m a specimen of muscle removed for biopsy, by the 
appearance of the aitenoles in the ocular fundi and by the basal blood 
pressuies The age of the patient and the function of the heart or 
kidneys and other clinical criteria are of major importance m deciding 
on Opel ability 

RESECTION OF SPLANCHNIC NERVES AND POSTOPERATIVE COURSE 

Ihe technic which we have adopted consists of the posterior, infradiaphragmatic 
approacli, with the incision m the skin extending from the level of the eleventh 
rib to the crest of tlie ilium, about 6 cm from, and paralleling, the spines of 
the vertebrae The posterior layer of the lumbodorsal fascia is incised almost to 
the level of the twelfth rib above and to the crest of the ilium below, and the fibers 
of the serratus posterior inferior muscle are divided, exposing the sheath of the 
sacrospinahs muscle This sheath is then divided about 2 cm mesial to the lateral 

14 Emmett, J L Subaraclmoid Injections of Procaine The Quantitative 

102 425 ^ 
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border of the muscle The muscle is then retracted mesialh, exposing the 
anterior lajer of the lumbodorsal fascia, which, when incised, exposes the quadratus 
lumborum muscle This muscle is split longitudmall} , and the peritoneum is 
exposed With a cotton pledget the peritoneum is gentl}’^ dissected away from the 
quadratus lumborum muscle until the edge of the psoas major muscle is exposed 
The dissection is carried still farther toward the median line, until the vertebral 
column IS encountered, which is usualh about the level of the second lumbar 
vertebra The crura of the diaphragm are attached to the first and second 
lumbar vertebrae, so the dissection is turned upward at this point until the crura 
are exposed Descending from above downward, between the crura, are the 
splanchnic nerves Sometimes thej occur singly or fused into one large trunk, 
and bv elevating the perirenal fascia and placing the ner\es on tension, 3 or 4 cm 
can be resected 

Following this, the dissection can be carried downward and the lumbar sym- 
pathetic chain exposed by retracting the psoas muscle laterally The first and 
second lumbar sympathetic ganglions can then be resected 

In the majority of casts the postoperative course is uneventful, and the patients 
are up and about in from six to ten days The only case in which there w'as any 
difficulty following operation was one in w'hich the nerves w^ere small, and in 
order to be sure that sufficient amounts of them had been resected, the exposure 
w^as carried up into the pleura, and a transient pneumothorax complicated the 
convalescence 

REPORT or CASES 

Case 1 — A man, aged 39, came to the clinic in September 1930 because of 
high blood pressure that had first been discovered eight jears previously The 
patient’s father had died of hypertension, and one sister had In pertension Eighteen 
months before admission the patient had noticed “fulness m the head,” dizziness, 
insomnia, apprehension and daily headaches 

When taken hourly for tw^enty-four hours, the blood pressure was 185 systolic 
(mean) and ranged from 150 to 220, the diastolic pressure w'as 125 (mean) with 
a range of from 110 to 145 The enlargement of the heart w’as graded 1, and the 
sclerosis of the retinal arteries, of the h 3 ’^pertensive type, was of grade 2 Renal 
msufficiencj was not demonstrable The patient w'as treated medically by means 
of rest and sedatives, and his diet was restricted 

The patient returned to the clinic about two 3 'ears later During the interval 
he had taken his own blood pressure from time to time, it revealed a progressive, 
widely fluctuating, severe tvpe of hypertension The headaches had persisted, and 
moderate dyspnea was present on exertion Hemoptysis had occurred four months 
previousl 3 '-, and vision had become blurred , the latter condition had lasted from one 
to SIX hours The retinal arteries were examined by Dr Wagener, w'ho found 
sclerosis graded 2, generalized retinal spasm, slight edema of the disks and a few' 
hemorrhages and exudates The systolic blood pressure was 210 (mean) and 
ranged from 170 to 245 , the diastolic pressure was 145 (mean) and ranged from 
120 to 180 (fig 1) The electrocardiogram revealed m\ersion of the T wave in 
lead I There was no renal insufficiency, and there weie no formed elements in 
the urine 

The patient returned a month later for operation The response of the blood 
pressure to local application of cold consisted of an increase from 210 to 245 
svstohc and from 150 to 170 diastolic (fig 1) 

On Oct 26, 1932, the left major and minor splanchnic nerves and the tw'elfth 
thoracic or first lumbar ganglion were resected The postoperative course was 
uneventful Fourteen daj's after operation, hourl 3 ' readings revealed that the 
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systolic blood pressure was 185 (mean), with a range of from 170 to 205, the 
diastolic blood pressure was 135 (mean), with a range of from 120 to 150 
The headaches had entirely disappeared After fourteen da 3 ’'S the patient was walking 
about, his general condition was satisfactory There was no change in the appear- 
ance of the vessels of the ocular fundi, and the patient was allowed to return 
home on No\ ember 10 

Three months later the patient returned for resection of the right splanchnic 
nerves Since his first operation he had been fairly active, but the headaches had 
recurred in the morning He had had a severe attack of influenza during this 
interval, on the second day of which blurring of vision of the left eye had devel- 
oped and persisted The retinal arteries were markedly narrowed, with sclerosis 
graded 2 and 3, recurrence of angiospastic retinitis, fresh cotton-wool hemorrhages 
and evudates and edema of the disks Urinalysis revealed the presence of albumin, 
graded 2, with an occasional hyaline cast The concentration of urea was 28 and 



Fig 1 (case 1) — A, hourly systolic and diastolic blood pressures before opera- 
tion, B, response to the application of cold, C, results of a cold test in a normal 
person 

50 mg 111 each 100 cc of blood In the electrocardiogram the T waves were 
inverted m leads I, II and III The blood pressure was 210 systolic (mean) and 
langed from 195 to 230, the diastolic pressure was 160 (mean), with a range of 
from 140 to 180 (fig 2 A) With the cold test the blood pressure increased to 
240 systolic 

On Jan 23, 1933, the right major and minor splanchnic nerves were removed 
The right sympathetic cord, at the level of the first lumbar ganglion, also was 
resected Observations during operation revealed sharp responses in systolic pies- 
sure following manipulation of the splanchnic nerves (fig 2B) Following resec- 
tion of the minor splanchnic nerve there was a sharp drop of 40 mm in the 

51 stohc blood pressure, and following resection of the greater splanchnic nerves 
there was a further drop of 30 mm to 130 systolic and 105 diastolic The patient’s 
general condition was satisfactory after the operation There was no evidence of 
shock The blood pressures were taken hourly during the entire postoperative 
period At the end of the fifth day the blood pressure liad returned to a systolic 
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mean of 205 and a diastolic mean of 135 At the end of fourteen days the patient 
was up and about Determinations of blood pressure when the patient had exer- 
cised showed 190 systolic and 135 diastolic The responses of the blood pressure to 
stimulation by cold gradually increased from the first to the fourth day and then 
remained constant (fig 3) At the time of dismissal there was no significant 
change in the retinal vessels except thrombosis of a small retinal vein 

Clinically, the patient seemed somewhat improved The headaches in the morn- 
ing had disappeared The value for blood urea was slightly high, and the urine 
revealed albumin and casts The function of the gastro-intestmal tract was not 
disturbed After his return home the patient was carefully observed by Dr Craw- 
ford of Tulsa, Okla There was no further drop in blood pressure There was 
slight recurrence of the headaches in the morning, and in a letter dated April 27 
It was stated that the patient had lost the sight of the left eye A rather severe 
degree of hypertension had developed The patient died in July 1933, probably of 
renal insufficiency 



Fig 2 — A, hourly blood pressure and response to the application of cold three 
months after resection of the left major and minor splanchnic nerves and the twelfth 
thoracic ganglion, B, sharp response in systolic pressure during the operation, 
with manipulation of the splanchnic nerves The fundi showed constriction of 
the retinal arteries, grade 3 , sclerosis, grades 2 and 3 , recurrence of angiospastic 
retinitis , edema, exudates and hemorrhages There was an inverted T wave m 
leads I, II and III 

The measurements of the arterioles in a section of muscle removed at operation 
revealed a ratio of lumen to wall of 1 1 2 as compared with the normal of 1 0 5 
(fig 4) According to Keith’s grouping of the organic forms of hypertension, 
based on examinatirn of the retina and measurements of arterioles, this case would 
fall in group 3, a borderline group of malignant forms of hypertension 

Comment — The studies m case 1 are of interest from the physiologic 
standpoint The presence of a severe form of hypertension, with marked 
hypertrophy of the media of the arterioles and other findings, indicated 
a malignant form of hypertension The effect of resection of the left 
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splanchnic neives levealed moderate reduction in the responses and in 
the levels of the patient’s blood pressuie Several months later an infec- 
tion which exeited a deleterious efifect on the severity of hypertension 
developed, and mild renal insufficiency, spastic retinitis and significant 
changes in the electrocardiogram were noted The second operation 
was earned out duiing this phase Within two weeks there was gradual 
lestoration of the levels of blood pressure and responses to the values 
before operation The clinical responses m this case were not encourag- 
ing, it seems reasonable to suppose that duiing this stage the neurogenic 
factoi in the hypertension was of minor importance The hypertrophic 
changes in the media of the aitenoles and the development of infectious 
toxemia with the onset of renal injury suggest that peripheral factoi s 
became predominant and were the major factoi s m initiating and mam- 



Fig 3 — Hourly readings of the blood pressure after resection of the right 
splanchnic nerves A, first day after , B, two weeks after , C, cold tests following 
operation 

taming high levels of blood piessure It seems likely that the renal 
insufficiency had nullified the depiessor effects of the bilateral operation 
It IS of mteiest that unilateral resection of the splanchnic nerves did 
not prevent oi appai ently change the course of progressive renal disease 

Case 2 —A woman, aged 34, of Syrian ancestry, knew of no family history of 
hypertension At the age of 23, when pregnant for the second time, mild toxemia 
developed, and the systolic blood pressure rose to 200 Following delivery, the 
blood pressure was 130 systolic, and the patient felt well A third pregnancy five 
years later was uneventful Three years after the third pregnancy the systolic 
blood pressure was 185 and the patient had headaches in the morning After that 
the systolic blood pressure varied between ISO and 200 Seven weeks before 
admission to the clinic visual disturbances of the right eye developed, with severe 
occipital headaches and vertigo 
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Examination revealed narrowing and sclerosis, graded 1, of the retinal arteries 
of the hypertensive t>pe Residual edema and a macular star, the residue of 
angiospastic retinitis of the right tye, were present The heart was enlarged 
to grade 1 Roentgenograms of the thorax revealed diffuse dilatation of the aorta 



Fig 4 Photomicrograph showing the ratio of the arteriolar lumen to the wall 
4, normal ratio , S, ratio in case 1 


15 Wagener, H P , Barker, N W , and Burke, C F Acute Angiospastic 
Retinitis Occurrence m Cases of Severe H 3 "pertensive and Renal Disease, Am J 
Sc 185 517 (April) 1933 
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Awlbumui m the urine was graded 2, there was no impairment of the ability of the 
kidneys to excrete tame No significant changes were observed in the electro- 
cardiogram 

Hourly cleteiminations of the blood pressure under controlled conditions foi 
forty-eight hours revealed a mean systolic pressure ot 200, wnth a range of from 
160 to 225 and a mean diastolic pressure of 135, with a range of from 120 to 150 
(fig 5) The response to cold w'as 50 s 3 '^stohc and 30 diastolic, wath maximal 
leadings of 230 systolic and 150 diastolic Spinal anesthesia wnth 60 mg of pio- 
caine hj'^drochloride reduced the blood pressure to 140 sj''stolic and 100 diastolic, 
w'lth a reduction of the i espouse to cold to normal rallies of 10 systolic and 8 
diastolic 

The left major and minor splanchnic nenes w'ere resected on Dec 1, 1932, in 
addition, the first lumbar sympathetic ganglion w'as removed Manipulation of 
the splanchnic neives during operation increased the systolic pressure 50 mm and 
the diastolic piessure 30 mm Sectioning the iierres was followed by a fall of 
50 sjstohc and 30 diastolic (fig 6) 

On the day followung the operation the response to cold w^as 40 systolic and 
20 diastolic, W'lth a maximal level of 190 svstohe and 130 diastolic The patient 



Fig 5 (case 2 ) — -!, hourly deteriiiinatioiis of blood pressure during rest, 
Bj cold test , C effect of spinal anesthesia (analgesia to the second dorsal segment) 
The fundi show'ed mild angiospastic retinitis, constriction of the retinal arteries 
W'lth sclerosis, grade 2, and residual edema 


recoveied uneventfully and w'as dismissed on the fourteenth day after operation 
Examination of the ocular fundi at the time of dismissal revealed that most of the 
retinal aitenes were of good caliber, sclerosis w'as graded 2 in the smaller 
branches, and there w'as a residual cotton-wool patch iii the right disk The 
headaches and dizziness had entirely disappeared Vision had improved Thcie 
W'as no significant change m the blood pressure with changes m posture The 
responses to cold were ISO systolic and 120 diastolic 

The patient returned foi reexamination three months later The s 3 'mptoms weie 
completely relieicd There had been no untoward disturbances m the gastro- 
intestinal or gemto-unnary tracts }>Ienstrual flow had increased m amount 
Examination of the ocular fundi revealed that the retinal arteries w'ere of good 
caliber Some constriction m smaller branches and few' residual exudates w'ere 
seen Under stimulation w'lth cold the blood pressure was 40 systolic and 12 
diastolic, with a maximum of 206 s 3 Stohc and 126 diastolic One year after opera- 
tion the clinical imprmement had remained unchanged 

The clinical condition of the patient ivas so satisfactory that operation on the 
right side W'as deferred 
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Comment — The patient in case 2 had a severe form of essential 
hypertension, with mild organic changes in the arterioles Following 
resection of the left splanchnic nerves, unquestionably the reaction of 
the blood pressure to cold was lowered, as were the mean levels of blood 
pressure, which had persisted for three months Relaxation of the 
retinal arteiies was definite It is interesting that the operative effects 
seemed more conclusive following operation on the left splanchnic nerves 
than on the right, as in case 3 The increase in menstrual flow following 
operation is of interest 

Case 3 — A woman, aged 33, a nullipara, had known for eight years that she 
had hypertension During this period she had been observed from time to time 
at the clinic, the levels of blood pressure were slowly progressive, the diastolic 



Fig 6 — A, readings of blood pressure during resection of the left splanchnic 
nerves , B, cold test , C, pressures on the first day following the operation , D 
pressures two weeks after the operation, E, cold test 

being more marked The systolic pressure had been moderately labile In the 
past few months the patient had had headaches in the morning, progressing 
dyspnea and general fatigue The heart was enlarged to grade 2, and there were 
systolic murmurs in the apical and aortic regions The specific gravity of the 
urine was lowered The concentration of sulphates was 6 1 mg per hundred cubic 
centimeters of serum 

Before operation hourly readings of the blood pressure revealed a mean pres- 
sure of 200 systolic, with a range of from 160 to 220, and a mean diastolic 
pressure of 140, with a range of from 120 to 170 The cold test raised the blood 
pressure to 250 systolic and 170 diastolic , return to the previous level was delayed 
The electrocardiogram gave evidence of an inverted T wave m lead III The 
retinal arteries were narrowed, graded 2+, with sclerosis, graded 2, of the 
smaller branches , the retinitis was that of a severe form of hypertension (group 3) 
The patient could not tolerate spinal anesthesia, and preoperative studies were 
incomplete 
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The right splanchnic nerves were resected on April 1, 1933 The sympathetic 
trunk was resected, and the first lumbar ganglion was removed Right pneumo- 
thorax developed at the time of operation, and the patient was placed m an oxygen 
tent, the postoperative period otherwise was uneventful The general condition 
was satisfactory, and the patient was dismissed from the hospital on April 17 She 
was kept under observation 

Twenty-four hours following operation the blood pressure averaged 210 systolic 
and 160 diastolic At the time of dismissal the mean blood pressure for twenty- 
four hours was 220 systolic and 160 diastolic The systolic pressure varied from 
200 to 235 , the diastolic pressure, from 150 to 170 Seventeen days after operation, 
when the patient was up and about, the mean pressure was 195 systolic and 140 
diastolic The response of the blood pressure to cold was unchanged There were 
no demonstrable changes in the retinal arterioles 

Six weeks after operation, an infection developed in the upper part of the 
respiratory tract, from which the patient recovered A pleural friction rub was 
noted at this time The patient gained 8 pounds (3 6 Kg ), and the general condi- 
tion was excellent She returned for reexamination on July 3 There were no 
symptoms except fatigue In the interval following dismissal several infections 
of the upper part of the respiratory tract developed The blood pressure was 235 
systolic and 150 diastolic Albumin, graded 3, and a few erythrocytes were present 
in the urine The value for urea was 30 mg, and the return of phenolsulphon- 
phthalem was 35 per cent The value for sulphates was 8 mg Examination of 
the ocular fundi revealed a few fresh hemorrhages and exudates 

On August 22 the blood pressure remained fairly constant (230 systolic and 
150 diastolic) With the cold test the pressures were 250 systolic and 170 diastolic 
There was a residual pleural rub over the base of the right lung The retinal 
findings were unchanged The patient had gained 14 pounds (64 Kg ) and had 
no symptoms Eight months after operation, her general course was progressively 
downward, with evidence of mild renal insufficiency The blood pressures were 
unchanged 

Comment — The patient in case 3 had marked organic change in the 
retinal arteries and m the specimens of the aitenoles removed for biopsy 
(fig 7) Following operation there was no reduction in the mean levels 
or in the response of the blood pressure to stimulation There was 
definite stabilization of the blood pressure at rathei high levels Respir- 
atory infection had a serious effect on the kidneys and retinal arteries 
The blood pressure increased, the diastolic more than the systolic The 
early renal insufficiency had a pressor action, nullifying the possible bene- 
ficial effects of the operation The course of events in this case is similar 
to that in case 2 A prolonged period of rest and further observation 
will be carried out before resection of the left splanchnic neives can 
be considered 

Case 4— A man, aged 34, was first seen m 1921, at which time his blood pres- 
sure was normal and his complaints were not related to any form of cardiovascular 
disease His second admission was on Dec 5, 1932, at which time he complained 
of fulness in the head, more evident m the morning on arising He was excitable 
and emotional With the headaches there was vertigo when he bent over or 
suddenly turned the body Following moderate exertion there were definite 
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dyspnea and palpitation for short periods Ihe mean blood pressure was 200 
systolic and 140 diastolic Examination of the retinal %essels revealed sclerosis, 
graded 2, with extensive retinitis of a severe form of hvpertension (group 3) The 
peripheral arteries were hypertrophied and tortuous Unnaljsis revealed the pres- 
ence of albumin, graded 3, and a few hyaline casts The value for sulphates was 
4 2 mg , and the value for urea, 26 mg The concentration of hemoglobin was 
normal, and there was no renal insufficiency A specimen of muscle removed for 
biops 3 ' revealed diffuse vascular disease (group 3) Latent glomerulonephritis 
was considered, but m view of the changes m the arterioles, it was felt that the 
renal findings were secondary to the nephrosclerosis 

The patient returned to the cliric on June 26, 1933, for reexamination The 
symptoms had been practically unchanged except for increased mental irritability 
Examination at this time revealed that the blood pressure varied from a basal 



Fig 7 — Organic changes m an arteriole 


level of 208 systolic and 112 diastolic to 248 svstolic and 150 diastolic The reti- 
nitis was still active, and there was irregularly distributed sclerosis, graded 3, of 
the arterioles with venous dilatation and marked localized periarteritis and end- 
arteritis of the left superior temporal arteriole, partial obliteration was present, 
and suggested an inflammatory element There were slight blurring and mild 
edema of the margins of the disks These changes indicated the de\elopment of 
a malignant form of hypertension Urinalysis re\ealed albumin, graded 3, uith 
fixation of the specific gravity , the value for urea was 38 mg , and that for 
sulphates was 5 2 mg An electrocardiogram revealed an inverted T wave in lead 
I Physical examination revealed no changes 

Keith and Horton felt that the patient had made some definite progress since 
his previous visit The patient asked if operation on the sjmpathetic nerves uould 
offer him any relief Spinal anesthesia at the level of the nipple disclosed a residual 
blood pressure of 170 systolic and 130 diastolic 
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In spite of the marked organic change in the \essels and the early renal 
insufficiency, the wishes of the patient were carried out in this matter, and on 
July 10 the left splanchnic nerves, twelfth thoracic ganglion and a portion of the 
sympathetic trunk were resected Convalescence was uneventful The pressoi 
responses to cold may be noted in figure 8 There is considerable variability in 
the maximal levels obtained with stimulation by cold Thirteen da 3 "s after operation 
the patient was up and moderatel}'^ actn^e, at this time the mean blood pressures 
were 170 systolic and 120 diastolic The general condition was satisfactorv The 
value for blood urea was 56 mg , and for serum sulphates, 6 8 mg The patient 
was allowed to return home for several months before it was decided to resect 
the right splanchnic nerves At the time of his dismissal, there was no significant 
change m the retina 

Coihiiienf — ^The patient in case 4 had a severe foim of essential 
hypei tension, with advanced medial hypeitioplty of the aiteiioles and 



ophthalmoscopic evidence of eaily malignant hypei tension Theie was 
mild lenal insufficiency, probably secondary to nephioscleiosis The 
basal level of the blood piessuie with lest, spinal anesthesia and geneial 
anesthesia w^as 130 diastolic This patient had a foim of hypei tension 
which was not favoiable to operation on the sjmpathetic nerves because 
of the degiee of aiteiiolar hypei trophy and the added factor of eaily 
lenal insufficiency, both of which affect the peripheial vasopiessoi mech- 
anism The operation was earned out laigel} at the patient’s lequest, 
in view^ of the rather hopeless piognosis, he insisted that we ti) this 
pi ocedui e 

The 1 espouse of the blood pressuie following operation is of interest 
The levels attained by stimulation with cold vaiied in striking degree, 
a vaiiation not obseived m lepeated tests on hypei tensive subjects 
(fig 8) This vai lability suggests a peiipheial effect, probably from 
lenal toxemia 
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Case 5 — A woman, aged 32, did not know of any family history of hyperten- 
sion The complaints on admission were arthritis and diffuse neuromuscular pains 
The patient was known to have had hypertension for at least eight years The 
systolic blood pressure had been found to be as high as 190 and with rest as low 
as 144 The patient had had frequent attacks of vertigo associated with nausea, 
and there had been increased fatigue, exhaustion, nervousness and slight dyspnea 

The retinal arteries were found to be attenuated, with sclerosis of the hyper- 
tensive type graded 1 Definite hypertrophy of the heart could not be demon- 
strated Urinalysis gave negative results The value for urea was 22 mg Hourly 
studies of the blood pressure under basal conditions revealed a range from 120 to 
180 systolic and from 80 to 130 diastolic The response of the blood pressure to 
stimulation by cold was 190 systolic and 130 diastolic , following inhalation of 10 
per cent carbon dioxide the maximal response of the blood pressure was 195 
systolic and 140 diastolic The diagnosis was essential hypertension in the early 
organic stage, with marked fluctuations in the responses of the blood pressure to 
stimulation 

On Aug 18, 1933, the left splanchnic nerves and the twelfth thoracic and first 
lumbar sympathetic ganglions were resected A specimen of the lumbar muscles 
was removed for biopsy The patient recovered promptly, she was up and about 
on the eighth day, and convalescence was uneventful There was a reduction of 
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approximately 20 m the systolic pressure reaction to stimulation with cold, and 
one week after operation the left foot was much warmer than the right This 
vasodilatation gradually disappeared, and within two weeks the temperature of this 
foot reached that of the other 

On September 12 the right splanchnic nerves were resected and the lumbai 
sympathetic chain was divided, two ganglions were resected Recovery from this 
operation was uneventful The right foot became much warmer than the left, 
and this persisted until the patient’s dismissal a month later As no symptoms 
could be attributable directly to the hypertension, there was no particular change 
in the subjective sensations The patient stated that there was perhaps slight 
increased laxity in the movements of the bowels, but there were no other untoward 
symptoms in the abdominal viscera 

The temperature of the toes one month after operation in degrees centigrade 
IS given m the table 

There was complete absence of sweating of the right leg below the knee and 
of the left leg below the lower middle part 

Comment — The patient in case 5 had a fairly early form of essential 
hypertension, apparently it was just entering the organic phase The 
blood pressure was remarkably labile and fluctuated within wide limits 
Biopsy, obtained at the time of the first operation revealed questionable 
thickening of the muscular coat of the arterioles It is obvious from 
studies of the blood pressure that the response to the bilateral operation 
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was not marked Shaip increases in the patient’s blood piessuie could 
be induced with a standard stimulus (cold), but at a somewhat reduced 
level The vasodilatation of the feet was incomplete in the left leg 
and piobabl)^ complete in the light leg It persisted for thirty days 
following the opeiation on the light side So far as is known, the same 
ganglions were lemoved, the twelfth thoracic and fiist lumbar Sweat- 
ing tests gave further confirmation of incomplete removal of the sym- 
pathetic fibers on the left side and complete removal on the light 

THE EFFECTS OF THE OPERATION ON BLOOD PRESSURE 

It IS difficult to make comparisons of the changes in blood pressure 
of different subjects because of the differences in the severity of the 
hypertension In addition, geneial anesthesia and the prolonged lest 
following operation usually lower the levels of blood pressure Foi 
that reason comparison of the preoperative and postoperative readings 
of blood pressure was considered valid aftei the patient had resumed 
activity Of gieatei import m our opinion m evaluating the effects of 
operation has been comparison of the pressoi responses of the blood 
pressure to cold and psjxhic stimulation 

In case 1 a quantitative effect was demonstrable on the retinal arte- 
iioles Following bilateral resection of the splanchnic nerves, the depres- 
soi effects were not significant For several months following the 
operation on the left side, the levels of blood pressure were lower, and 
there was diminished lability in the hourly readings The couise of 
the hypertension was seriously affected by an mtercurrent infection and 
by the development of renal insufficiency, which led to the patient’s 
death six months later We believe that the renal condition nullified 
to a large degree the possible depressor effects of the operation This 
patient had the most severe form of hypertension of any patient in this 
senes and the greatest degree of organic change in the arterioles The 
effects of changes in posture on the blood pressure were not decisive 
No significant lowering of the systolic pressure was obtained in the 
upright position 

In case 2, in which the left splanchnic nerves weie lesected, there 
was moderate reduction in the responses and mean levels of the blood 
pressure, and these continued to be below the preoperative levels The 
hourly fluctuations in the readings of blood pressure were sharply 
diminished 

In case 3, following resection of the right splanchnic nerves, the 
only significant effect on the blood pressure was a tendency toward 
stabilization, but the mean levels, if anything, were higher Again, an 
mtercurrent infection, which was contracted a month after operation 
and which was causing renal injury, may have excited pressor effects 
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In case 4, following lesection of the left splanchnic nei\es, the 
piopei reactions to cold were inconstant and vaiiable, a condition not 
ohseived in repeated tests on hypei tensive subjects The mean levels 
weie not aftected 

In case 5, a faiil) eaily foim of hypertension, with inaiked labilit} 
and exaggeiated pressor leactions, was noted Bilateial lesection of the 
bplanchnic nerves was followed by a moderate i eduction in the height 
of the piessoi responses 

THE POSSIBLE EXPLANATION OF THE LACK OF EFFECT ON THE 

BLOOD PRESSURE 

If Significant effects on the blood pressure aie not obtained aftei 
bilateial lesection of the splanchnic neives, the following explanations 
seem valid 1 The splanchnic arteiies aie not completely deneivated 
A few pieganghonic fibeis descend by way of the aoita and aie not 
lemoved bj'^ the opeiation In addition, theie aie some fibeis which 
contiibute to the splanchnic enervation fiom the lowei lumbar ganglions, 
the numbei and significance of these neives in man aie not known 
Cannon stated that in animals they aie present in consideiable num- 
bei s 2 The vasomotor nerves of the aiteiioles of the thoiax and the 
upper and longer extiemities, which leinain after the splanchnic neives 
aie removed, aie sufficient to cause a general vasopressor effect This 
seems unlikely, as cei \ icothoracic and lumbai sympathetic ganglionec- 
toiny do not produce significant depiessor effects 3 The oiganic h}pei- 
trophy 111 the aiterioles is too advanced, superimposing a peiipheral 
factoi on the central vasopiessor control 4 If lenal insufficiency is 
present, it is likely again that the peripheial mechanism is distuibed, 
supei imposing an added pressor element 

SVMPIOMATIC EEEECTS OE RESECTION OF SPLANCHNIC NERVES 

The clinical effects of the operation depend laigely on the sjmptoms 
attiibutable to hypei tension that existed befoie opeiation In case 1 
lelief of the patient’s headaches was tempoiary, and then lecunence 
could be attributed to the subsequent development of lenal insufficienc} 
In case 2 the patient’s headaches and veitigo w^eie entiiely lelieved In 
case 3 theie w^ere no symptoms that could be attributed diiecth to the 
hypei tension, in spite of the fact that the patient had a severe foim 
of hypei tension In case 4 the symptoms w^ere those of cerebial iiii- 
tabiht}. and evaluation of symptomatic effects was difficult In case 5 
the patient had no symptoms which could be attiibuted to the 
hypei tension 

16 Cannon, Bradford The Effects of Progressive Sympathectomy on Blood 
Pressuie, Am J Phvsiol 97 592 (July) 1931 , 
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COMMENT 

The pioblem of selection of patients foi opeiation is ciiicial It is 
moie complex than the selection for sympathetic ganglionectom) of 
patients with occlusive diseases of the peiipheial aiteiies In ti eating 
a given patient with 113^161 tension, it is desiiable to deteimme pieopeia- 
tively the piobable effects on levels and 1 espouses of blood piessuie 
by tempoiaiily blocking the splanchnic neives 

Under spinal anesthesia to the level of the nipples, small doses of 
fiom 60 to 80 mg of piocaiiie h3^drochIoi ide being used, the blood pies- 
suie was loweied, and the Aasopressor 1 espouses of the patients weie 
gieatly diminished 01 obhteiated The abolition of the piessor leactions 
by this pioceduie indicates the neurogenic mediation of these leactions 
Untowaid effects of lowering of the blood pi essuieaie not noted Spinal 
anesthesia not only anesthetizes the splanchnic neives but the lowei 
sympathetic chain and the motor and sensoiy neives to the lowei extiem- 
ities and abdominal wall With spinal anesthesia to levels as high as 
the nipple, a gi eater numbei, and additional types, of nei\es aie blocked 
than are blocked by splanchnic sympathectomy 

Ihe degiee of 01 game hypeitiophy of the musculatuie of the aiteii- 
oles IS of gieat impoitance m piedicting the probable postopeiative 
depiessoi effects This can be detei mined by caieful examination of 
the letinal arteiioles and by noting the piesence or absence of spastic 
phenomena Pathologic study of aitenoles of specimens of muscle 
lemoved foi biopsy gives decisive infoimation as to 01 game giading 
and piognostic infoimation It must be lecognized, howevei, that the 
degiee of changes in the arteiioles is not unifoim thioughout the body, 
and a too exact deduction cannot be made fiom the changes in one group 
of aiteiioles We aie of the opinion that the following ciiteria aie 
useful in detei mining suitability for opeiation m a case of 113^361 tension 
The subject should be less than 45 yeais of age , the levels and 1 espouses 
m blood piessuie should be maikedl3 vaiiable, changes m the smallei 
arteiioles should not be advanced, and seveie, degeneiative changes 
should not be piesent m the kidne3S, heait 01 biam The foiegomg 
constitute the majoi lequisites foi this opeiation A basal level of the 
diastolic blood piessuie of not moie than 120 is desirable 

Essential hypei tension is assumed to be the lesult piimaiily of 
(1) a hypeiieactive vasomotoi centei with exaggeiated piessor responses 
fiom ps3Uiic, sensoiy, chemical or hoimonal stimulation, (2) consecu- 
tive to these excessne, lapidly vaiying intia-aiteiial sti esses, 01 game 
hypei tioplw of the aitenoles is induced, and ( 3 ) in the moie advanced 
stages lenal scleiosis and associated vasospastic leactions superimpose an 
added and moie seiious element The two last mentioned conditions 
are beheied to be penpheral, the foimer, cential Operative measures 
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which block the central mechanism from the splanchnic circulation 
should theoietically be effective in the absence of a giavely disturbed 
peripheral mechanism 

This concept of the various stages m essential hypertension is useful 
in the interpretation of postoperative results It emphasizes in which 
stage of the disease the most striking improvement from operation 
should be obtained 

Untowai d Effects — There was no significant disturbance of the func- 
tion of the abdominal visceia that could be attributed to unilateral or 
bilateral section of the splanchnic nerves In case 1 severe constipation 
developed following the second operation In case 2 there was slight 
weakness of the right abdominal muscles with a small area of anesthesia 
m the light lower abdominal quadrant More exact studies should be 
carried out on the function of the gastro-mtestinal system and especially 
the effect on renal function following the unilateial opeiation 

SUMMARY 

Five patients with essential hypertension of varying degrees of 
severity have been subjected to unilateral or bilateral lesection of the 
splanchnic nerves and to removal of the first lumbar ganglion In 
two subjects, significant quantitative reduction of the pressor reactions 
to cold resulted In one subject, subjective and objective improvement 
was striking In the most severe forms of essential hypertension, with 
early renal involvement and advanced organic changes in the arterioles, 
the effects on the blood pressure have not been striking Resection of the 
splanchnic nerves is a relatively safe operation and carries small risk 
No untoward effects have been noted Further application of this 
surgical procedure is justifiable m the early stages of the severe progres- 
sive form of essential hypertension in young persons 



ALLERGIC DEATH 


VII PROTRACTED SHOCK 

GEORGE L WALDBOTT, MD 

DETROIT 

Reference has been made recently m the literature to instances of 
sudden death which were thought to be due to physical allergy, particu- 
larly to sensitization to cold (Tannhauser,’^ Grassl Few, if any, 
reports of allergic deaths induced by the antigenic substances which 
are commonly encountered in allergic diseases can be found, except 
deaths which followed parenteral injections of pollen and serum ® 

Yet the possibility of such deaths is strongly suggested because of 
the relative frequency and seventy of nonfatal generalized reactions 
following contact with, or the inhalation or ingestion of, antigens, 
particularly m allergic children Duke,* for instance, described the case 
of a man who was so sensitive to fish glue that licking a postage stamp 
produced a severe generalized reaction He recorded other incidents of 
similar reactions following skin testing by the scratch method I have 
recorded ° similar observations from both my own experience and that 
of others 

Evidence has been presented ® that cases of so-called “thymic 
death” manifest pathologic changes which appear to be identical with 
those of allergic shock An attempt is made here to substantiate the 
theory of this identity by enlarging on a condition which is frequently 
encountered in such cases, namely, the occurrence of bronchopneumonic 
lesions 


1 Tannhauser, S J Zur Frage des Badetodes, Munchen med Wchnschr 
79.1890, 1932 

2 Grassl Zur Frage des Badetodes, Munchen med Wchnschr 79 1469, 1932 

3 Waldbott, G L (o) Systemic Reactions from Pollen Injections, J A 
M A 96 1848 (May 30) 1931 , (b) The Prevention of Anaphylactic Shock, ibid 
98 446 (Feb 6) 1932 

4 Duke, W W Asthma, Hay Fever, Urticaria and Allied Manifestations, 
St Louis, C V Mosby Company, 1926 

5 Waldbott, G L, and Anthony, G E So-Called Thymic Hyperplasia IV 
A Follow-Up Study of Thirty Cases, Am J Dis Child 47 34 (Jan ) 1934 

6 Waldbott, G L So-Called “Thymic Death” VI The Pathologic Process 
m Thirty-Four Cases, Am J Dis Child 47 41 (Jan ) 1934 

7 The term “anaphylactic shock” appears to be more appropriate because the 
evidence for a distinction of allergic from anaphylactic shock is not conclusive 
However, m order to avoid confusion, I am adhering to the terminology of Coca 
which IS accepted at present by most writers 



598 


ARCHIVES OF INTERNAL MEDICINE 


EXPERIMENTAL EVIDENCE 

Ihe phenomenon of “protracted” anaphylactic shock in animals is 
well known to immunologists Its manifestations weie described by 
Dean and Webb,® who found m their experiments with anaphylaxis in 
dogs that in the moie seveie cases of shock which did not teiminate 
fatally theie “is anothei tram of symptoms” after the acute state has 
subsided This is characterized by dyspnea, fever, dial rhea, stupoi, 
vomiting and general malaise In guinea-pigs a similai pictuie was 
pioduced by Ratner and his co-woikers” by means of continued expo- 
sure to the antigenic substances after the production of shock Othei 
workeis (Ishioka,^® Busson,^^ Friedbeiger,^® Fried have spoken of 
“steiile anaphylactic pneumonia” which occuis m guinea-pigs sensitized 
to hoise serum on insufflation oi inhalation of hoise seium into the 
tiachea The lesions which are thus produced may offei the clinical 
picture of interstitial bronchopneumonia or they may involve whole 
lobes Hemorrhagic infarctions of various sizes weie noticed among 
the inflammatoi}^ lesions The aseptic character of the lesions and the 
presence of lymphocytes and of emphysema are additional features 
which suggested a pathologic differentiation from true pneumonia 

In man, I have encountered a syndiome coi responding closely with 
that of piotracted anaphylactic shock on three diffeient occasions first, 
following injections of antigen, second, in cases of seveie asthma, and 
thud, among patients who died of what had been teimed “thymic 
death ” 

REPORT or CASES 

I Piotjactcd Allctgic Shock Follozving Injections — Cask 1 — B, a 7 year 
old girl with asthma who was sensitive to various foods, pollen and epidermal 
allergens was given 0 1 cc of a 1 100 solution of cotton-seed extract for the 
purpose of hyposensitization Within three minutes an area of local edema, the 
size of an apple, occurred at the site of the injection This was soon follow^ed 
by generalized urticaria, edema and severe wFeezing From 0 5 to 1 cc of 
epinephrine w'as given every half hour to an hour to control the reaction The 
wheezing and urticaria were held m check for some time, but the child’s condition 

8 Dean, H R, and Webb, R A The Morbid Anatomy and Histology of 
Anaphylaxis in the Dog, J Path & Bact 27 5, 1924 

9 Ratner, B , Jackson, H C, and Gruel, H L Respirator\ Anaphidaxis 
Sensitization, Shock, Bronchial Asthma and Death Induced in the Guinea-Pig by 
Nasal Inhalation of Dry Horse Dander, Am J Dis Child 34 23 (July) 1927 

10 Ishioka, S The Histology of Anaphvlactic Pneumonia, Deutsches Arch f 
khn Med 107 500, 1912 

II Busson, B Protein Anaphvlaxis Induced Through the Respiratory Pas- 
sages, Wien khn Wchnschr 24 1492, 1911 

12 Fnedberger, E Ueber Anaphylaxie, Ztschr f Immumtatsforsch u exper 
Therap 8 239, 1910 

13 Fried, B M Allergic Lobar Pneumonia (Experimental Study), J Exper 
Med 57 111, 1933 
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V arranted hospitalization for the balance of the day When discharged 
twcntj hours after the injection, she was practically free from s>mptoms As 
soon as she returned home, severe wheezing started again, and was followed 
within a half hour by fever and cjanosis At that time the chest showed areas 
of consolidation, bronchial breathing and rales alternating wuth rhonchi The 
temperature ranged betw^een 101 and 103 5 F This lasted for three da\ s The 
remo\al of a cotton blanket from the child’s bed resulted in decided relief from 
the wheezing After the symptoms had entirely subsided the patient w'as retested 
bj the scratch method and by passive transfer for cotton to wdiich she had given 
a 4 plus reaction before The skin tests gave a negative reaction at first, changing 
to a positive reaction seven days later 

Case 2 — Miss A M , 18 years old, w'ho had pollen hay fever complicated by 
clinical sensitivity to horse hair, w'as given 0 1 cc of a 1 1,000 solution of horse 
hair extract as an mtradermal test Within five minutes a marked w'heal and 
local swfelhng occurred, followed immediately by a generalized reaction The 
patient was observed in the office for four hours, during wdnch time she w'as 
gi\ en small doses of epinephrine She w'as relieved for approximately eight hours , 
then she retired to her bed on which there was a mattress made of horse hair 
Immediately a cough and wdieezing developed, soon followed by fever, rales 
and impairment of the percussion note in the chest On remov^al of the mattiess the 
wheezing subsided, but the fever, ranging from 100 to 102 5 F , persisted for two 
more days 

Comment — In these two cases of seveie allergic shock, the symp- 
toms did not subside in the usual way, but were followed by a condition 
lesemblmg low giade bionchopneumoma The continued contact with 
the causative antigen undoubtedly aggravated the condition m a manner 
similar to that demonstrated m the expel iments of Ratnei and his 
associates Its lemoval tended to counteract the symptoms of shock, 
but did not influence the secondary infection It is notewoithy that 
negative skin reactions were encountered soon after the shock, in spite 
of definite previous sensitivity This coiroborates pievious obseivations 
on skin tests following shock fiom substances othei than pollen and 
seium (Waldbott^*) Walzer^^ also recoided negative reactions to 
skin tests and passive tiansfer tests m a case of shock following an 
injection of hoise seium 

CvsE 3 — M H, a 12 >ear old colored girl, was given 0 2 cc of tvphoid 
vaccine intravenously as treatment for iridocyclitis, on April 6, 1933 There was 
a histor} of asthma in the child's family About four hours after the injection 
fever, djspnea and cough developed, followed by unconsciousness and involuntary 
urination and bowel movements The temperature was 103 F, the pulse rate 
110 and the respiratory rate 30 On the following day the physical signs of 
bronchopneumonia in both lungs were detected On the third day following the 
■injection the child died 


14 Waldbott, G L ' Allergic Shock from Substances Other Than Pollen and 
Serum, Ann Int kled 7 1308 (April) 1934 

15 Walzer, kl New Diagnostic Methods m Asthma, Long Island M T 60 
85, 1932 
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The autopsy (Dr W R Prentice, Kalamazoo, Mich ) revealed, on gross 
examination, slight congestion and edema of the cerebral and meningeal blood 
vessels and a few petechial hemorrhages m the cerebellum There were areas of 
solidification m both lungs, other sections showed extreme congestion and still 
others marked emphysema The spleen was enlarged (422 Gm ) There were 
numerous enlarged lymph nodes, particularly in the gastro-intestmal tract and 
cervical region The thymus weighed 22 5 Gm Otherwise no noteworthy path- 
ologic changes were found On microscopic examination the brain showed slight 
congestion, and the lungs were patchy with early bronchopneumonia, with massive 
intra-alveolar hemorrhages and edema, necrosis of the alveolar epithelium and 
marked emphysema There was some cloudy swelling of the hepatic cells with 
marked congestion in the capsule of Glisson The thymus, spleen and other lymph 
nodes were markedly congested and the lymph tissue hyperplastic 

Comment — While the theory of alleigic death caused by a bacterial 
vaccine may not be fully in accord with the conception of shock from 
nonbacterial antigens, this case is reported here because the pathologic 
changes seemed to correspond fully with those reported observed in sen- 
sitized animals following injections or inhalation of nonbacterial antigens, 
and also with my observations at autopsy following “thymic death ” 
Furthermore, the family history in this case suggested that the patient 
was probably allergic 

1 have had occasion to study two other cases of death following 
intravenous injections of typhoid vaccine which showed the identical 
clinical course and pathologic changes 

2 Pi oti acted Shock m Pei sons with Asthma — In a recent paper 
Clarke described a type of asthma characterized by unusual severity 
He mentioned as its symptoms extreme prostiation, coma, rMes in the 
lungs and fever His patients did not improve with the administration 
of epinephrine Clarke stated that this condition occurred m few of his 
patients with asthma I have encountered this condition in several 
cases, but in only two was I able to record the full sequence of events 

Case 4 — Mrs J C, 31 years old, had attacks of severe asthma for four 
years at intervals of three or four months When she spoke of the attacks 
she expressed extreme fear, much more than I have seen in any other patient She 
had a feeling of impending death The skin tests showed from 2 to 3 plus 
reactions to various foods, ragweed, timothy and red top grass, chicken feathers 
and hair from dogs and cattle The patient was treated with injections of extracts 
of chicken feathers and ragweed and autogenous vaccine, from October 1931 to 
November 1932, during which time she had one slight attack of asthma In 
November 1932, a few minutes after she had contact with a dog, a severe attack 
developed which necessitated hospitalization There were profuse sweating, a 
pulse rate of over 140, coma and dyspnea Numerous r^es were heard in 
various parts of the chest, areas of impairment alternating with areas of hyper- 
resonance The heart sounds were faint, no murmur was heard The blood 

16 Clarke, J A Status Asthmaticus or Subacute Asthma, J Allergy 4 
481 (Nov) 1933 
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pressure ranged about the level of 95 systolic and 50 diastolic There was 
expectoration of large quantities of sputum which occasionally showed a bloody 
tinge Epinephrine in doses of from 0 5 to 0 75 cc was of no avail On the third 
day the temperature began to rise to about 102 F , as indicated m figure 1 The 
blood count showed 11,000 white blood cells, with 68 per cent neutrophils, 32 
per cent lymphocytes and no eosinophils During the following days large quan- 
tities of thin clear sputum were expectorated The patient regained consciousness, 
and the condition m the chest cleared up rapidly Skin tests done at that time 
gave negative results, but when repeated two weeks later they showed reactions 
similar to those previously noted, including a 3 plus reaction to dog hair 

Case 5 — Mrs L K, a 27 year old woman, with severe asthma, who was 
sensitive to various antigens, took during an interval when free from asthma a 
patent medicine containing sodium salicylate for the relief of headache She knew 
that she was sensitive to this drug, but did not know that it was contained in the 
medicine Within a minute she became short of breath She had scarcely given 
herself 0 5 cc of epinephrine when she lost consciousness One hour later she 
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Fig 1 (case 4) — Pulse and temperature curve in protracted allergic shock 


was found on the floor W'heezmg severelj', comatose and in collapse She was 
taken to the hospital Avhere epinephrine was given in frequent doses, but there 
was no decided improvement After about six hours fever developed, and blood- 
tinged sputum was expectorated There was evidence of pulmonary edema and 
of a bronchopneumonic process The patient was treated with epinephrine, digifolm 
and intravenous injections of dextrose solution, without noticeable response On 
the fourth day, the fever, which had not exceeded 102 F, subsided and the 
patient improved rapidly 

Comment — The condition in cases 4 and 5 was distinct from bron- 
chial asthma, because there was evidence of pulmonary edema and an 
ensuing pneumonic process in the lungs That the edema was not of 
caidiac origin was evident from the absence of other signs of myocar- 
dial insufficiency and from the subsequent absence of cardiac changes 
The pulmonary infection, on the other hand, is distinctly different from 
pi unary pneumonia because of the unusual onset and course Both 
patients were allergic The onset of the syndrome was definitely 
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linked with the ingestion of a drug and the contact with a substance to 
which the patients were sensitive 

3 So-Called '^Thymxc Death ’^ — The notewoithy pathologic changes 
in the thirty-six cases of so-called “thymic death” lefeiied to in a 
previous lepoit** consisted of capillaiy congestion, exudation of edema- 
tous fluid and exti avasation of blood cells into the alveolai tissue, aieas 
of atelectasis alternating with emphysema, petechial hemoiihages, edema 
in various organs othei than the lungs, eosmophiha and hypoplasia of 
the supiaienal medulla 

In seven of the thiity-six cases and in thiee additional cases which I 
have subsequently investigated, in which bi onchopneumonia ensued' 
several houis oi days after the onset, the clinical course of the disease 
paialleled closely that encountered in those previously described In the 
following two cases the onset of the symptoms was definitely linked with 
the taking of ceitain foods 

Case 6 — S L, a boy, 1 year old, had been in perfect health except for fre- 
quent afebrile nasal catarrh (allergic^) No family history was obtainable, because 
the child was a foundling About one week before death he had an afebrile 
catarrh of the upper respiratory tract from which he recovered within several 
days. On the morning of the day of death he seemed playful and in good health 
The temperature was normal At 10 o’clock, while drinking a glass of milk, he 
suddenh became cyanotic and dyspneic and vomited The cvanosis and dyspnea 
increased, moist rales were noted in the lungs and signs of consolidation developed 
At 3 p ni the temperature was about 103 F, and at 6 p m the child died The 
postmortem examination (Dr L Parker, Kalamazoo, Mich ) revealed a thymus gland 
weighing 40 Gm , hyperplasia of the bronchial and mediastinal lymph nodes, 
dilatation of the capillaries in the lungs, exudation of fluid into the alveoli with 
extravasation of blood cells, small areas of bronchopneumonic infiltration and areas 
of emphysema alternating with atelectasis There was some congestion of the 
spleen and kidneys The suprarenal glands were not examined Other organs, 
including the heart, w^ere normal 

Case 7 — L S , a 3 month old infant of an allergic mother, showed frequent 
difficulties of respiration and afebrile nasal catarrh It ivas noted that ivhen he 
ivas given orange juice, he shoived severe dyspnea When 2 months old, he ivas 
given a therapeutic dose of roentgen rays because of roentgenographic evidence “of 
an increased ividth of the upper mediastinal shadow wnth a slight lateral deviation 
of the trachea ” One month later after taking some orange juice, the baby became 
“extremeh pale” and dyspneic during his sleep The father, a phjsician, noticed 
rales throughout both lungs Within a few hours fever developed and the tem- 
perature rose to 104 F Four hours subsequently the baby died The autopsi 
revealed marked capillary congestion and edema, areas of mononuclear and neutro- 
philic infiltration m the lungs, eosmophiha in the spleen, edema in the lepto- 
meninges and petechial hemorrhages in the peritoneum The W'eight of the thymic 
gland was 15 Gm The lingual and hilar lymph glands were considerably enlarged 
The heart w^as normal 

Comment — In case 6, unless one consideis as a cause of death a 
mechanical asphyxiation by food which enteied the trachea (wduch 
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^\ould haAC been easily detectable at autopsy), one is inclined to assume 
sensiti/ation to milk as the causative agent, in view of the history of 
fiequent afebiile “colds” \\hich may have been alleigic In case 7, 
theie was a t}pical histoiy of sensitization to oiange juice vith a family 
histoi} of alleigy The S 3 ndiome began aftei the ingestion of oiange 
juice In both cases a lov giade pulmonaiy infection pieceded death 



Fig 2 (case 3) — Photomicrograph of lungs demonstrating hemorrhagic areas 


INTERPRETATION OE OBSERVATIONS 

Alleigic shock is the result of absoiption of an excessne oterdose of 
antigen to vhich a peison is sensitn'e In cases 1, 2, 4 and 5, theie is 
no doubt as to this mode of the reaction In cases 3, 6 and 7, the 
allergic backgiound, the couise of the clinical manifestations and the 
paiallelism in the pathologic findings with that of alleigic shock, on 
which I have enlarged elsewheie,® make it piobable that this condition is 
identical with that of the othei cases 
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The fever encountered can probably best be explained on the basis 
of the primary pulmonary edematous hemorrhagic lesions which become 
infected or infiltrated with cellular elements in an attempt of the 
organism to organize these lesions Whether or not bacterial infection 
plays an essential part in the production of the pneumonic lesions is 
difficult to say In view of the presence of edematous hemorrhagic 



with an adjoining infectious process, E, edematous areas, R, extravasation of red 
blood cells, and L, leukocytic infiltration 

lesions in the accelerated type of shock, it is likely that m the cases in 
which bacteria are detected in the blood stieam or in the sections of the 
lungs, one is dealing with secondary infection Moreovdr, in most of 
the tissues examined the infected areas surround the hemonhagic 
edematous lesions (fig 2), which indicates a tendency of the organism 
to dispose of the primary hemorrhagic lesions 
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Of interest in this connection is the case reported by MacDerniot 
of an asthmatic person who had an injection of horse serum and who 
died several days later The autopsy showed intra-alveolar hemorrhages, 
edema and bronchopneumomc areas MacDermot interpreted the con- 
dition as being caused by anaphylactic shock His microscopic sections, 
which I had the privilege of examining, show a remarkable resemblance 
to lesions noted m the cases reported here, particularly to those of 
case 3 

SUMMARY 

The symptom complex of protracted allergic shock is described It 
IS characterized by a sudden onset of wheezing, dyspnea, shock and the 
physical findings of pulmonary edema, which is followed after several 
horns by the development of low grade bronchopneumonia This has 
been obseived following injections of an overdose of antigen in sensi- 
tive pel sons. 111 patients with severe asthma following contact with 
antigens toward which marked sensitivity exists and m ten of thirty- 
nine cases of so-called “thjmiic death” which came to autopsy The 
detailed reports of two such cases are piesented, m which sensitization 
to food appeared to be instiumental in causing death The outstanding 
anatomic changes were edematous hemorrhagic lesions, the border of 
which showed infectious processes resembling bronchopneumonia 

10 Peterboro Street 

17 MacDermot, H E Pulmonary Intra-Alveolar Hemorrhage m Case of 
Asthma Associated with Pneumonia, Canad Af A J 22 533 (April) 1930 



LYMPHEDEMA OF THE EXTREMITIES 

CLASSinCATION, ETIOLOGY AND DIFFERENTIAL DIAGNOSIS 
A STUD\ or THREE HUNDRED C\SES 

EDGAR V ALLEN, MD 

ROCHESTER, MINN 

Geiieial mfoimation about lymphedema tends to be somewhat con- 
fused and vague, in spite of a considerable number of excellent reports 
that may be found in medical hteratuie This situation is due in laige 
pait to the relative raiity of lymphedema, to an inadequate knowledge 
of its etiology, bacteiiology and pathology and to the absence of a 
comprehensive classification Although it is impossible foi any single 
authoi to clanf)'- all these shortcomings, I feel that a piesentation of 
the peitinent data fioni the lecords of three hundied cases observed 
at the Ma} o Clinic in the previous ten year s offer s an opportunity to fill 
many of the gaps in knowledge and to present a more or less oiderly 
and logical pattern of classification, etiology and desciiption of the 
condition Aids to such a presentation are f ui nished by recent excellent 
work on the anatomy and physiology of lymph and lymph vessels, 
well illustrated by a monograph by Drinker and Fields’- These facts 
regarding the anatomy and physiology of lymph vessels and lymph aie 
so important for an understanding of lymphedema that it seems advis- 
able to 1 ei lew them briefly 

DEFINITION OF TERMS 

Lymph IS a fluid obtained from lymph vessels Tissue fluid is that 
found in the region outside blood and lymph capillaries m the cellular 
interspace Plasma is the unclotted fluid of the blood Lymphedema 
IS a swelling of soft tissues due to an increased quantity of lymph 
Elephantiasis, an advanced stage of lymphedema, is a “progressive 
histopathologic state chai actei ized by a chionic inflammatoiy fibroma- 
tosis 01 hypertrophy of the h}podermal and dermal connective tissue 

ANATOMY 

Lymph vessels either are modified veins oi arise m situ from mesen- 
chymal cells They are closed vessels which possess an unbroken endo- 

From the Division of Medicine, the Mayo Clinic 

1 Drinker, C K , and Fields, Madeleine E Lymphatics, Lymph and Tissue 
Fluid, Baltimore, Williams & Wilkins Company, 1933, p 254 

2 Matas, R The Surgical Treatment of Elephantiasis and Elephantoid 
States, Dependent On Chronic Obstruction of the Lymphatic and Venous Channels, 
Am I Trop Dis 1 60, 1913 
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thelial lining, bathed on the outside by tissue fluid In geneial, there 
IS moie l}'mphatic than hematic capillary sin face Eveiy mam blood 
vessel has an accompanying lymph vessel ® The lymph vessels are as 
richly supplied with valves as are the veins ^ India ink injected between 
t^^o ligatuies into the lumen of an aiteiy appeals m the lymph vessels 
aiound the aitery by passing thiough inti acellular stomas and dnectly 
thiough the cells of the arteiial wall ^ 

Theie aie a supeificial and a deep system of lymph vessels m the leg, 
but theie is no communication between them except through the popli- 
teal and inguinal lymph nodes ** In animals most of the siipei ficial 
Ijmph ressels of the leg and foot, as well as some of the deep l}mph ves- 
sels that dram the muscles of the leg, tei inmate m the popliteal l}mph 
node From this node laige efferent trunks course along the femoial 
vessels to end in the external diac nodes, just distal to the bif in cation of 
the aorta Many of the superficial lymph vessels of the thigh and upper 
pait of the leg drain into the inguinal l^mph nodes, which m tuin have 
effeient vessels terminating m the external iliac nodes The deeper 
lymph vessels m the muscle sheaths of the thigh eventually enter ti links 
uhat accompany the mam femoral lymph vessels, and chain into the large 
iliac nodes ' All the lymph vessels of the leg, both superficial and deep, 
join at the groin and pass along the external and common iliac vessels 
thiough the iliac nodes The lymphatic trunks at the loot of the leg 
hug the veins closely, and may even be embedded in the acKentitia of 
then walls They are enclosed m a tough fibrous sheath along with 
the great blood vessels ® 

The superficial lymph vessels of the thud, fouith and fifth fingers 
pass to the dorsum of the digits, then upwaid and aiound the ulnar side 
of the forearm to the flexor side of the forearm, where they join those 
coming from the entire ulnar side of the foieaim and pass upwaid into 
the axillary nodes, with or without intervention of the cubital lymph 
node Those of the index finger and thumb pass upwaid on the dorsum 
of these digits, then around the radial side of the forearm to the flexor 

3 Polonskaja, R Zur Frage der Klappen m den Lympligefassen der untereii 
Extremitaten des Menschen, Anat Anz 74 39S (Sept 30) 1932 

4 Funaoka, Seigo Der Mechanismus der Lymplibewegung, Arb a d dritten 
Abt d anat Inst d kaiserl Univ Kyoto (ser D) 1 1, 1930 

5 Ivanow, G Die Lympbgefasse der Wande der Bliitegefasse— Vasa 
L}mphatica vasorum sanguinorum, Ztschr f Anat u Entwicklungsoescb 99 
669, 1933 

6 Trout, H H Ulcers Due to Varicose Veins and Lymphatic Blockage, 
a New Principle in Treatment, Arch Surg 18 2281 (June) 1929 

7 Reichert, F L The Regeneiation of Lymphatics, Arch Surg 13 871 
(Dec ) 1926 

8 Homans, John Phlegmasia Alba Dolens and the Relation of the Lrinphatics 
to Thrombophlebitis, Am Heart J 7 415 (April) 1932 



608 


ARCHIVES OF INTERNAL MEDICINE 


surface, where they join those coming from the radial side of the fore- 
arm, and pass upward to the axillary nodes An occasional lymph 
vessel may pass upward on the extensor surface of the forearm to well 
above the elbow, where it turns sharply around the ulnar side of the 
arm to its inner side and thence to the axillary nodes The superficial 
lymph vessels of the arm empty into the axillary nodes or, much less 
frequently, into the deltoidopectoral or supraclavicular nodes The deep 
lymph vessels of the arm run with the laige vessels to empty into the 
axillary lymph nodes, with or without the intervention of the deep 
cubital lymph nodes The superficial and deep lymph vessels are con- 
nected at the elbow by the deep and superficial cubital lymph nodes “ 
Regenet ation and Collate) al Cnctdation — If a laige lymph vessel is 
cut, the circulation is carried on bj' collateial vessels Latei, the passage 
between the two cut ends regenerates, and the collateral circulation 
recedes Collateral lymph vessels develop a few days after ligation of 
the mam trunks Regeneiation of lymph vessels is rapid They cioss 
the seal of an incision as early as the fourth day, and by the eighth day 
1 egeneration is physiologically adequate 

PHYSIOLOGY 

The lymphatic endothelium is more permeable than that of hematic 
capillaries It possesses no selective absorptive power, but merely admits 
material forced on its outer surface Particles of microscopic dimen- 
sions deposited in various parts of the bod}- cannot move far except 
by entering and passing along the lymph vessels 

Piessuie and C%') cidahon of Peupheial Lymph — In amphibians, 
reptiles and some buds the lymph heart is very important foi the move- 
ment of lymph This organ is lacking in mammals Although the media 
of the wall of the thoracic duct of man is made up of circular, smooth 
muscle fibers interlaced with collagen and elastic connective tissue, and 
although peripheral lymph vessels may have more or less smooth muscle 
fibers m their walls, it has not been demonstrated that these muscular 
elements have much to do with the movement of lymph Active or passive 
contraction of skeletal muscles plays the most important part in the 
movement of lymph, the valves of the lymph vessels serve as the most 
important accessory arrangement for moving lymph forwaid^ 

9 Bartels, Paul Das Lymphgefass-System, Jena, Gustav Fischer, 1909, p 

280 

10 Funaoka, Seigo, and Skirakawa, Shigekiyo Ueber die Entstehung der 
kollateralen Lymphbahnen nach Ausschaltung des Stammstroms, Arb a d dritten 
Abt d anat Inst d kaiserl Univ Kyoto (ser D) 1 15, 1930 

11 Reichert, F L The Recognition of Elephantiasis and Elephantoid Condi- 
tions by Soft Tissue Roentgenograms, With a Report on the Problem of Experi- 
mental Lymphedema, Arch Surg 20 543, (April) 1930 
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The speed of ciiculation of lymph is rapid, but it vanes gieatly 
Tiypaii blue injected into a lymph vessel of the foot of a dog may leach 
the receptaculum chyli m ten seconds, and sodium salicylate, injected 
similaiiy, can be detected in the lymph of the thoiacic duct m one minute 
and twenty seconds Biomphenol blue, injected mtiaienously, appeals 
in the ceivical lymph in two and a half minutes 

The flow of lymph is inci eased by inci eased functional activity of 
the part, by increased venous pressuie and b) geneial oi local hypei- 
theimia, but it is modified little, if any, by peiipheial section of neives 
and iiici eased aiteiial piessme Intravenous injections of solutions may 
cause mci eased flow of lymph by efifectmg a gieatei movement of water 
out of blood vessels or by injuimg capillaiy endothelium, thus allowing 
pioteimzed fluid fioni blood to leak into the tissues Inflammation 
causes an inci eased flow of lymph by mci easing the blood flow, the 
venous, capillaiy and tissue piessuie and the capillary peimeability, 
unless the piocess is seveie, when the flow of Ijanph may be deci eased 
because of occlusion of the lymph vessels by piessuie, thrombi, iieciotic 
debus or fibrous tissue 

The pressure of ceivical lymph m dogs is from 8 to 18 mm of a 
solution of sodium carbonate, the specific giavity of which is 1 08, and 
m hoises fiom 5 to 20 mm of the same solution The lymphatic pies- 
suie in the ear of a mouse is fiom 2 to 4 cm of watei The piessuie 
in the lymph vessel below the popliteal gland of the resting dog is undis- 
cernible, but it mci eases to 68 cm of watei aftei foity minutes of pas- 
sive exeicise Lymph vessels will stand a sui prising amount of pressuie 
without lupture and without seiious incompetence of valves Steiile 
inflammation may inciease peiipheial lymphatic piessme to 120 cm 
of water 

Constituents of Peupheial Lymph — The piotein in peiipheial lymph 
of dogs varies from 1 84 Gm pei hundred cubic centimeteis when at 
lest to 0 5 Gm when active Fibimogen and piothiombm aie present 
in lymph, but platelets aie absent Leukocytes, of which about 95 pei 
cent aie lymphocytes, vaiy in numbei fiom 403 to 68,000 pei cubic 
millimetei Occasionally, eiythiocytes aie found when the subject is 
at lest, and as many as 13,000 pei cubic milhmetei aie piesent when 
the subject is active The caibon dioxide-combming power of tymph is 
about 50 'volumes pei cent The amounts of nonpiotein nitrogen, uiea, 
creatinine, sugar and chloiides m lymph aie slightly gieatei than m blood 
plasma, but the amounts of ammo-acids, total phosphoius and calcium 
are slightly less 

Coagulation of Lymph As stated, lymph contains fibimogen and 
prothrombin, but it clots moie slowly (fiom ten to twenty minutes) than 
blood (from foui to six minutes), O'wing to deficiency of thioinboplastic 
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substance ordinarily supplied in a large degree by blood platelets that 
are absent in lymph This deficiency is corrected and coagulation of 
lymph occurs whenever cells m contact with the lymph stream undergo 
necrosis, or whenever lymph stasis and living bacteria in lymph coexist 
When thrombosis of the lymph vessels occurs, the thrombi contract and 
shrink away fiom the wall of the vessel, leaving adequate space for the 
circulation of lymph, except when the coagulating process is progres- 
sive Lymph vessels may be completely filled with thrombi m the region 
of a phlegmon 

Various foreign substances injected into an area of severe inflam- 
mation do not pass into the lymphatic capillaries, but the same sub- 
stances, when injected intravenously, accumulate lapidly in the inflamed 
area Both observations aie explained on the basis of thrombosis of 
the lymph vessels and the presence of a fine netwoik of fibrin which 
obstructs the flow of lymph away from the inflamed area 

EXPERIMENTAL STUDIES OF LYMPHEDEMA 

Lymphedema can be pioduced by the removal of the lymph hearts 
in animals Reichert “ showed that complete excision of the iliac and 
inguinal lymph nodes of dogs and cats did not produce edema, even 
ligation of the iliac oi femoral vein added to this procedure was not 
followed by edema In further expeiiments, he divided the limb of a 
dog transversely, leaving in continuity only a caiefully denuded femoial 
artery and vein , the edges of the wound were then carefully resutured 
The resultant edema occurred on the second day, reached its maximum 
on the fourth or fifth day and subsided completely on the seventh or 
eighth day After the eighth day, ligation of the femoral vein caused 
no recurrence of edema, but occlusion of the lymph vessels by injection 
of foreign particles caused its reappearance When excessive scar tissue 
was produced m the incision in the skin and subcutaneous tissues, the 
edema remained for ten days or more, and injections of mdia ink 
revealed blockage of some of the superficial lymph vessels These 
experiments indicate that lymphedema can be produced, but with consid- 
erable difficulty, owing, doubtless, to free collateral circulation at the 
root of the leg, a factor too little emphasized 

Hommans ® felt that the swelling of the limb m phlegmasia alba 
dolens could not be explained on the grounds of venous occlusion alone 
Expenmental ligation of veins of animals did not pioduce edema, and 
examination of swollen limbs in patients with phlegmasia alba dolens 
impressed him with the probability that lymphatic obstruction was an 
impoitant factoi in production of the edema He ligated the common 
and internal iliac veins in dogs, injected 5 cc of a bioth culture of 

12 Opie, E L Thrombosis and Occlusion of Lymphatics, J M Research 
29 131 (Nov) 1913 
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Stieptococcus viiidans into the femoral vein and ligated it distal to the 
point of injection Characteristic phlegmasia alba dolens occurred 
India ink was injected into the paws of the edematous legs, and after a 
suitable time the animals weie killed India ink was found at the level 
of the lower ligature , from this point to the inguinal ligament there was 
no pigment, but the common iliac nodes were loaded with particles of 
ink Homans concluded that the experimental procedure caused a peri- 
phlebitic reaction sufficiently extensive to block temporarily the perivas- 
cular lymph vessels of the trunk He pointed out how suitable the 
anatomic arrangements for such a condition are, all lymph vessels of 
the lower limb join at the groin to form trunks which hug the veins 
closely, and which may even be embedded in the adventitia of their 
walls All the vascular tiunks, arterial, venous and lymphatic, are 
closely bound togethei in a tough, fibrous sheath From clinical and 
expel imental obseivations, Homans felt that the cause of phlegmasia 
alba dolens is obstruction of lymph vessels, but that the basic lesion is 
always in the common oi external iliac vein 

Zimmerman and de Takats injected a solution of sodium salicylate 
or tincture of iodine into isolated segments of the common and external 
iliac veins of dogs, and in some instances sprinkled some of the solution 
along the outside of the vein In all animals there was a periphlebitic 
reaction, even to neciosis of peiivenous tissues, but edema did not occur 
In further experiments, they dissected the iliac lymph nodes and all the 
retroperitoneal, fatty and areolar tissues from the bifurcation of the 
aorta to Poupart’s ligament, and from the posterior parietal peiitoneum 
to the psoas muscle They then ligated and divided the common and 
internal iliac veins Theie was no edema in eight animals, transient 
edema in two and marked edema in one 

In anothei experiment, these investigators injected material into the 
femoral vein of dogs below the point of ligature Alcohol produced 
marked edema, but since objections might be raised to the use of it on 
the basis of the periphlebitic inflammation produced thereby, bland sub- 
stances were used also Tissue extract, fibrinogen and barium sulphate 
in gelatin ail produced maiked edema when injected into the femoral 
vein below the point of ligature Injections of india ink into the foot- 
pads of animals with edematous legs indicated that the lymph vessels 
were permeable 

13 Homans, John, and Zollinger, Robert Experimental Thrombophlebitis and 
Lymphatic Obstruction of the Lower Limb, Arch Surg 18 992 (April) 1929 

14 Homans, John Thrombophlebitis of the Lower Extremities, Ann Surg 
87 641 (May) 1928 

15 Zimmerman, L M , and de Takats, Geza The Mechanism of Thrombo- 
phlebitic Edema, Arch Surg 23 937 (Dec ) 1931 

16 Unless a specific reference has been given in the preceding paragraphs, 
authority is from the monograph of Drinker and Fields i 
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CLASSIFICATION OF LYMPHEDEMA OF THE EXTREMITIES OF MAN 

The cases of lymphedema studied lend themselves to division into 
two mam groups, inflammatoiy and noninflammatoiy , the terms infec- 
tious and nonmfectious could be used as well The division into the 
two groups indicates the oiigmal state, lymphedema which is oiigm- 
ally noninflammatoiy may be complicated eventually by inflammatory 
changes Most cases of lymphedema may be classified without difficulty 
accoidmg to the tabulation 

Nomnflammatoj y Lymphedema — ^Pi imaiy Lymphedema “Lymphe- 
dema praecox” is an oiigmal teim applied to a definite clinical syndrome 
manifested m nmet3''-thi ee cases m the gioup studied It affected 
female patients piedommantly (87 pei cent of the cases), and m the 
majority of instances (65 pei cent) had its onset between the ages of 10 


Classification of 300 Cases of Lymphcdcvia 


A Noninflammators 

Oases 

I Primary 

Praecox 

93 

Oongenital 

1 Simple 

12 

2 Familial (Milroy’b disease) 

0 

II Secondary 

Malignant occlusion 

32 

Surgical removal of lymph nodes 

Cl 

Pressure 

1 

Roentgen and radium therapy 

o 

«> 

B Inflammatory 

I ’Piimnvy (smgle or recurrent acute and chronic) 


n Secondary (single or recurrent acute and chronic) 

Venous stasis 

13 

Trichophytosis 

3 

Systemic diseases 

3 

Local tissue injury or inflammation 

34 


and 24 years, inclusively The teini “piaecox” is used heie to denote 
an early development, m many of the cases m this gioup the onset of 
symptoms occuiied at pubeity, and the incidence of onset m adolescence 
was impressive 

The swelling occui s spontaneously and without known cause , at the 
onset, the patient ordinarily notices a ptiffmess about the foot oi ankle 
The edema is worse during long periods of activity, during the menses 
and m warm weather Rest m bed and elevation of the extiemity pio- 
duce temporary disappeai ance of the edema that may affect one lower 
extremity exclusively (70 per cent m this senes) oi both legs simul- 
taneously, or one exti emity may swell months oi yeai s af tei the opposite 
member has become involved 

The edema ordinal ily pi ogi esses up the leg slowly, and eventually 
the entile limb becomes edematous over a peiiod of months or years 
The spiead of the edema may, howevei, be much moie lapid, the entire 
limb may be involved within a feiv days oi weeks In many instances, 
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swelling IS limited to the foot and ankle oi does not extend above the 
knee Frequently, this particular state is doubtless merely a phase of 
a piogiessive condition, but m othei instances it seems to represent the 
maximal degree of extension of the edema 

Gradually the swelling, whatevei its limitations, becomes more 
maiked, elevation and lest in bed cause its reduction but not its disap- 
peaiance The smooth skin becomes loughened, and the hitheito soft 
edema becomes lesistant to pressure In addition to enlargement of the 
limb due to edema, there is actual hypei trophy of tissue, and the limb 
becomes unsightly, ungainly and uncomfoi table A dull, heavy sensation 
IS piesent, but there is no actual pain 



Fig 1 — Lymphedema praecox in a woman, aged 39 years Progressive edema 
of the right leg began at the age of 24 and gradually spread from the ankle to the 
inguinal ligament 

The entile course of the swelling is ordinarily one of smooth progres- 
sion, acute lymphangitis and cellulitis occui infrequently (in 13 pei cent 
of the cases studied) Ulceiation of the skin does not occur The 
entire history is oidmaiily that of conversion of a noimal limb into 
a swollen one , nothing else is noteworthy 

The cause of lymphedema praecox is obscuie The predominant inci- 
dence among female patients, the onset m the majoiity of cases during 
adolescence and the accentuation dm mg menstruation tend to indicate 
that the reproductive organs pla} a part m the condition Possibly the 
additional load thrown on the lymph vessels by iapid!> developing repio- 
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ductive structures induces a functional incompetence of the lymph ves- 
sels or allows entrance of infection into the lymph trunks and nodes m 
the pelvis Even minor degrees of functional inadequacy, thiough 
obstruction m the pelvis, might lead to dilatation of the lymph vessels 
below, with incompetence of the valves, particularly among women, 
whose subcutaneous tissues offer little suppoit The resulting interfer- 
ence with the flee passage of tissue fluid into the lymph vessels pro- 
vides adequate encouragement for the giowth of fibroblasts and further 
obstruction by connective tissue While such an explanation of the 
etiology IS highly logical, it is equally theoretical It is possible that the 
entue explanation rests on a congenital undei development of lymph 



Fig 2 — Congenital lymphedema in a girl, aged 7 years Parents noticed the 
left leg was larger than the right leg on the second day after birth Enlargement 
has been progressive since then 


vessels, or their inability to develop quickly enough to supply adequately 
tissues that aie growing lapidly Limitation of the disease to the lower 
extiemities is striking, and it indicates that gravity is an impoitant 
factoi in the development 

Congenital Lymphedema This may be either simple oi familial In 
both types, lymphedematous swelling, usually of one lower extiemity, 
IS piesent at birth There may be actual hypertrophy of the limb, true 
elephantiasis In other instances, the skin is soft, and the edema is less 
resistant to pressuie The two forms do not vaiy, except that m the 
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simple type blood relatives are not similarly affected In the familial 
type, several persons in the same family have lymphedematous swellings 
of one 01 more extiemities The familial type, known as Mihoys 
disease, was first desciibed as a clinical entity by him m 1892 Mil- 
roy said 

Briefly stated, chronic hereditary edema consists in a firm edema It is limited 
in cs-tent to the toes or a part or the whole of one or both feet, or of one or both 



Fig 3 — Secondary inflammatory lymphedema m a man, aged 60 years, who 
was kicked on the tibia by a mule fourteen years previously The skin was not 
broken Eight months later, a sequestrum was removed from the right tibia 
No further trouble was experienced until seven years later, when the leg began 
to enlarge The swelling was progressive Roentgenologic examination at the 
time of admission gave evidence of old osteomyelitis of the tibia 

legs It never extends above Poupart’s ligament It is not painful or tender and 
IS without constitutional symptoms It arises from no apparent cause Hereditary 
transmission is conspicuous m its behaviour 


17 Milroy, W F Chronic Hereditary Edema Milroy’s Disease, JAMA 
91 1172 (Oct 20) 1928 
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Milioy’s oiiginal lepoit was based on a study of six geneiatioiis of 
a family of ninet}'-sei en pei sons, of Avhom twenty-two had lymphedema , 
twenty-one of the twenty-two having been boin with the condition 
A^aiiations fiom the ciiteiia of Milioy have been so gieat that the term 
“Milioy’s disease,” as used concui i ently , is laigely without significance 
Meige found only eight cases in four geneiations , the onset at puberty 
was striking Hope and Fiench^® reported thiiteen cases among forty- 
two persons in five geneiations, in no instance was the condition con- 



-1 — Secondaiy inflammatory Ijmphedema associated with trichophytosis in 
a woman, aged 55 years A vesicular itching lesion of the skin of the toes, 
dorsum and plantai surfaces of the left foot had been present for four years 
A.ttacks of acute lymphangitis and cellulitis recuried and edema had been present 
for three and one-half years At the time of examination, tiichophytes were found 
m the cutaneous lesions 


genital, the tune of onset langed fiom infancy to manhood, and attacks 
of lecunent cellulitis and lymphangitis occtiiied Thcie weie no instances 
of Milioy’s disease in this senes of cases Occasionally, a patient stated 

18 Meige, Heni}, quoted by Milroy ir 

19 Hope, W B, and French, Herbert Peisistent Hercditarj" Edema of the 
Legs with Acute Exacerbations klilroy’s Disease Qu irt J Med 1 312, 1907 
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that he or she believed that a i dative was similaily aftected with swelling 
of the extiemities, but the details weie vague, and in no instance was 
it proved that the lymphedema was both congenital and familial 

That the cnteiia of Mihoy have been depaited from is to be depie- 
cated Familial lymphedema is not Mihoy’s disease, accoiding to Mil- 
loy’s definition, unless the condition is congenital Many of the cases 
called “Mihoy’s disease” aie doubtless examples of lymphedema piaecox 
with a familial piedilection The maiked heieditaiy and congenital fea- 
tuies piesent in Mihoy’s cases have not been equaled in cases leported 
by others, the situation lecoided by Mihoy may be unique This con- 
stitutes fuither reason foi close adheience to the diagnostic ciiteiia 
given Congenital lymphedema is pioduced laigely by lymphangiectasis, 
a developmental anomaly 

Secondaiy Lymphedema This may be due to malignant occlusion of 
lymph vessels by metastasis to adjacent lymph nodes of malignant dis- 
ease of the bieast, uterine ceivix, uteius, vulva, prostate gland, bladdei, 
testes, skin or bones Such a possibility selves to emphasize the neces- 
sity of close sciutmy foi evidence of malignant disease in all cases of 
lymphedema, since swelling may be the fiist outwaid manifestation 
Pressure outside the lymphatic tiunks peihaps occasionally, but laiely, 
pioduces lymphedema The one case found m this senes seemed to 
follow the use of a tiuss for inguinal hernia Secondaiy, noninflam- 
matory lymphedema may occui m cases of Hodgkin’s disease or lym- 
phosaicoma, oi may follow surgical removal of lymph nodes and lymph 
vessels foi malignant disease distally situated, or foi tuberculosis oi 
metastasis of malignant disease The last named condition is the ele- 
phantiasis chiiurgica of Halsted Such a condition is not uncommonly 
seen following ladical amputation of the bieast and axillaiy lymph nodes 
for carcinoma The lymphedema may occui with oi without interven- 
tion of attacks of lymphangitis and cellulitis The iiiegulai interval at 
which lymphedema occui s aftei ladical amputation of the bieast is 
lemarkable Usually the arm begins to swell on lesumption of activity, 
but weeks, months oi even yeais may pass befoie the extiemity becomes 
edematous In one instance, the aim was fiee from swelling foi nine 
and a half yeais, theie was no evidence of the lecuiience of malignancy 
to account for the edema, cellulitis and lymphangitis had not occuried 
In such instances, it is possible that fibrosis may be induced by i epeated 
irradiation, thus pioducmg lymphatic obstruction, oi that occult lymphe- 
dema ovei a peiiod of years has lesulted m oveigiowth of connective 
tissue and obvious edema Unfoitunately, theie aie no expeiimental 

20 Halsted, W S The Swelhng of the Arm After Operations for Cancer 
of the Breast Elephantiasis Chirurgica, Cause and Treatment, Bull Johns Kon- 
kins Hosp 32 309 (Oct ) 1921 
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data to explain the occuirence of edema after radical removal of the 
breast, experiments on animals reveal that extensive lemoval of lymph 
nodes does not cause edema Wh)>', then, does this condition occur in man 
after extensive removal of lymph nodes ^ Halsted believed it was caused 
by infection following opeiation, eithei obvious or so slight as to avoid 
detection, or by lecurrent attacks of cellulitis and lymphangitis The 
question cannot be answeied here The answei may be inherent in the 
comparatively small number of expeiiments on animals, lymphedema 
has not been demonstrated in these experiments, but neither does it occur 
in many instances following radical removal of the hi east in man If 
larger numbeis of animals were observed over greater periods of time 
following surgical lemoval of lymph nodes, it is piobable that lymphe- 
dema would be noted The conclusion based on clinical observation 
cannot be avoided, surgical removal of oi metastasis to lymph nodes 
may pioduce lymphedema 

Lymphedema may occui after treatment with ladium and roentgen 
rays Whethei such a result is hi ought about by the fibiosis caused 
by radiation, or by metastasis of the malignant disease for which radia- 
tion IS given, cannot be determined with certainty Barkei described 
a case m which ladium irradiation foi a disease, apparently inconectly 
diagnosed as caicinoma of the uterine cervix, was followed by lymph- 
edema 

Inflannnato) y Lymphedema — Geneial Characteristics The advanced 
stage of inflammatory lymphedema has been called “elephantiasis nostras 
streptogenes ” All examples of inflammatory lymphedema, exclusive of 
the chronic foim, have one featuie iii common, single or recurrent 
attacks of acute cellulitis and lymphangitis The contiast between lym- 
phedema of inflammatoiy origin and of the piaecox type is striking, m 
the former, piogiession is by a senes of attacks which are impressive 
in the suddenness of onset, and sti iking m the severity of systemic reac- 
tion, in the latter, the histoiy is one of slowly piogiessive edema The 
usual victim of an attack of cellulitis and lymphangitis of an advanced 
grade is suddenly seized with a seveie chill unpieceded by other symp- 
toms, 01 , following a short period of distress in the extremity or proxi- 
mal lymph nodes, his teeth chatter, the bed shakes and he becomes 
nauseated and vomits His temperature is between 101 and 106 F , in 
a short time a small, reddened area spreads until a considerable portion 
of the extremity is swollen, red, hot and tendei The pioximal lymph 
nodes are tendei and swollen The chills recur during a period of 
thirty minutes to an hour The high fever pei sists for a period ranging 
from a few hours to two or three days, and is accompanied by marked 
malaise that may persist after the temperatuie returns to normal The 

21 Barker, N W Personal communication to the author 
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abnormal condition of the extremity lecedes slowly over a period of 
fioni foiii to foul teen days but, after all clinical signs of acute inflam- 
mation have disappeared, swelling is present m a greater degree than 
befoie the attack The oiganism chiefly responsible for the attacks of 
acute inflammation is the streptococcus - 

Single attacks leave minor degrees of lymphedema, but successive 
attacks, which tend to occui piogiessively, more frequently pioduce 
inci easing edema, each attack is a step toward the final stage, namely, 
marked lymphedema and elephantiasis The chronic foim of lym- 
phangitis of the spontaneous type is exceedingly lare In such instances, 
the leg IS persistently waimei than its companion member, and a reddish 
discoloration of the skin exists In many instances, lymphedema follow- 
ing injuiy or infection develops without the inteivention of acute attacks 
of lymphangitis and cellulitis oi of clinical manifestations of chronic 
lymphangitis The infection in such instances is considered to be sub- 
chnical It should be emphasized that lymphangitis, whatever its nature, 
pioduces occlusion of lymph vessels by thiombosis or by the pi ohf ela- 
tion of connective tissue 

Primal y Lymphedema This term signifies a condition resulting 
fiom single or recurimg acute attacks of chronic lymphangitis and 
cellulitis not secondary to any known local abnormality, such as venous 
01 l3nnphatic stasis oi extianeous infection In many such inslances, the 
lymphangitis appears to occur in much the same spontaneous manner 
as tonsillitis oi phlebitis In other instances, it may be due to infections 
mtioduced into the lymph vessels thiough minoi portals of entry 
unnoticed by the patient The acute attacks of lymphangitis and cellu- 
litis have been described , each attack leaves a i esidue of increased edema 
In the chronic foim of lymphangitis, the edema is slowly progressive 

Secondaiy Lymphedema This teim indicates a condition resulting 
from lymphangitis secondary to known causes The lymphangitis may 
occui in single or recuiient attacks or m a chronic form Chronic edema 
of venous oiigin may predispose to lecurrent attacks of acute cellulitis 
and lymphangitis, and thus to progressive lymphedema, but such 
instances are uncommon, in light of the lathei common occurrence of 
thrombophlebitis resulting m edema 

Trichophytosis about the toes may induce recurrent attacks of acute 
lymphangitis The inflammation and the resultant edema are ordinarily 
limited to the foot and ankle It is piobable that an etiologic relationship 
exists m but a small percentage of instances m which trichophytosis and 
acute attacks of lymphangitis occur m the same patient It is not clear 
whether the trichophytes themselves or secondary bacterial invaders are 
lesponsible, even when the tiichophytic infection seems to be definitely 
related to the acute inflammatory attacks Instances which strongly sug- 
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gest that the tnchophytes aie directly or indiiectly responsible for the 
acute attacks aie those in which maiked evidence of tnchophytic infec- 
tions, such as desquamation and the occurrence of vesicles, precede the 
appearance of cellulitis and lymphangitis Pregnancy and systemic dis- 
eases such as influenza, t3^phoid fever, pneumonia, malaria and filanasis 
may lead to lecuiient attacks of cellulitis and lymphangitis and result in 
lymphedema Except m cases of filanasis, it is possible that the oiiginal 
lesion IS thrombophlebitis that produces venous stasis, subsequent attacks 
of lymphangitis and, eventually, lymphedema Occasionally, conversion 
into the lymphedematous state proceeds without the intervention of 
attacks of acute inflammation, in such instances, it is assumed that a 
condition of chronic lymphangitis exists, oi that the lymph vessels 
become obstructed by over growth of connective tissue which is, in turn, 
a reaction to stasis of tissue fluid Tissue fluid acts as an excellent 
culture medium, fibroblasts grow and fibiosis results unless the blood 
plasma is promptly letuined to tubes lined with endothelium^ It is 
worthy of note that filanasis was not demonstrated m any of the cases 
of lymphedema reported in this study Clinical evidence of, or an ante- 
cedent history suggestive of, filanasis was consistently absent, in many 
instances, blood drawn from the patient at night \ias studied, but Filaria 
was never found It is possible, if not probable, that filanasis existed in 
some of the cases reported, foi it has been shown that failure to find 
Filana does not exclude filanasis The patients of the Mayo Clinic are 
drawn largely from noitheiii climates where filanasis exists sporadically, 
if at all, and it is obvious that the absence of this condition as a cause 
of lymphedema would not hold in more southern locations where fila- 
iiasis IS common 

Local inflammation oi mjuiy of tissue leads to the production of 
lymphedema most commonly through the intermediation of single oi 
recurrent attacks of lymphangitis oi chiomc lymphangitis In the cases 
studied, such diverse causes as contusions, lacerations, surgical incisions, 
vesicles, abscesses, furuncles, burns, fractures, penetrating wounds, dog- 
bites, tulaiemic abscesses, pelvic inflammatory diseases and appendicitis 
were directly responsible The acute attacks may occur weeks or months 
after the original trauma, which may not be associated with any marked 
clinical evidence of infection The organisms in the tissues appear to be 
in a “resting state,” then, for some unknown reason, marked activity 
occurs, and an acute attack of cellulitis and lymphangitis is clinically 
apparent It seems strange that minor abrasions should allow entrance 
of infection into the tissues, but Hadock and McMaster showed that 

22 Hadock, S S , and McMaster, P D The Lvmphatic Participation in 
Human Cutaneous Phenomena A Study of the Minute Lymphatics of the Living 
Skin, J Exper Med 57 751 (May) 1933 
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the slightest wound of the coiium may teai lymph vessels open and pei- 
mit material to entei them directly In many instances, the lymphedema 
occurred following injuiy or infection without the inteivention of acute 
attacks of inflammation, and seemed to be due to a chionic or subclmical 
inflammation and thrombosis of lymph vessels oi to a lesidue of inflam- 
mation fiom the original injuiy oi infection 

DIFFERENTIAL DIAGNOSIS 

Theie is laiely any difficulty in distinguishing advanced lymphedema, 
that is, elephantiasis, fiom edema due to othei causes The brawny 
indurated skin and the hyperti opined limb of elephantiasis bear little 
lesemblance to manifestations of edema m othei diseases It is only 
when the lymphedema is not associated with changes m the appearance 
and feel of the skin that difficulty aiises Lymphedema can be dis- 
tinguished without difficulty from the edema of geneial systemic dis- 
eases, such as myxedema, myocardial failuie, nephiosis, nephritis or 
deficient proteinemia, when it is unilateial, when it is bilateial, a thoi- 
ough examination is necessary to exclude these diseases Sarcomas, 
lipomas and neoplasms of the bone are almost unifoimly unilateral, and 
they pi oduce regional oi localized swellings, whei eas the edema of lym- 
phatic obstruction is more unifoim and extensive When swelling of 
an extremity is localized, careful loentgenologic studies are invaluable 
fiom a diagnostic standpoint Angioneurotic and cyclic edemas aie chai- 
acteiized by this inteimittence, whereas lymphedema is more constant 
and disappeais duiing the eaily phase only on elevation of the limb , well 
advanced lymphedema lesponds to this procedure incompletely Enlarge- 
ment of a limb in aitenovenous fistula is associated with dilatation of 
and inci eased pressuie in the regional veins, analysis of the blood from 
these veins reveals an oxygen content appioaching that of arterial blood 
If the aitenovenous fistula is congenital, oi was acqmied before longi- 
tudinal giowth of the bones ceased spontaneously, the limb is increased 
m length as well as in ciicumference All these signs of arteriovenous 
fistula, except the iiici eased circumference of the limb, aie absent in 
lymphedema 

The edema of limbs occasionally noted in lymphosaicoma is probably 
of lymphatic origin, but recognition of the basic condition is important 
Ordinarily, m cases of lymphosarcoma, theie are enlarged nodes m the 
regions in which nodes are usually palpable, and in the mediastinum 
Microscopic examination of a node lemoved surgically is invaluable 
when doubt exists It may be remarked paienthetically that it is always 
important to examine patients with lymphedema caiefully for evidence 
of malignancy Lipodystrophy, characterized by “fat legs,'’ is to be 
distinguished fiom lymphedema Young women and girls with hpo- 
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dystrophy aie subject to woiry, anxiety and even to embanassment at 
the supposed cosmetic disfiguiation Such reactions have arisen largely 
as a result of short dresses and hosieiy advertisements, for aside from 
a blight disturbance m the symmetiy of the body, no disfiguration exists 
The condition, however, is as impoitant as it appeal s to the patients The 
characteristic symptoms which lymphedema and hpodystiophy may have 
in common aie predilection foi women, similaiity in appearance, pain- 
lessness and additional swelling of the feet or ankles when patients are 
on their feet much, particularly in warm weather Lipodystrophy is 
unifoimly bilateral, and is usually associated with geneialized obesity or 
obesity about the pelvis The degree, but not the extent, of lipodys- 
trophy may progress aftei it is first noted In contrast, lymphedema 
is usually unilateral, is not ordinal ily associated with obesity and usuall)- 
progi esses from the foot pioximall}^, except when it is congenital 
Attacks of lymphangitis and cellulitis may occui m lymphedema but not 
in hpodystiophy Pitting on piessuie may occur in both conditions, 
but it IS less evident m hpodystiophy The diminution in size, which 
may follow elevation of the extiemities m both conditions, is more 
maiked in lymphedema 

The edema of deep thrombophlebitis is usually to be distinguished 
from lymphedema because the foimei is similar to lymphedema m so 
many respects Well advanced stages of eithei condition offer little dif- 
ficulty in diagnosis The hypei ti opined limb, with the thickened skin 
and firm consistency, characteristic of elephantiasis, has little similarity 
to the limb in cases of deep thrombophlebitis, foi the lattei is marked 
by softer edema, stasis ulceis, dermatitis and superficial varices To be 
sure, when attacks of recuiient lymphangitis oi cellulitis occur, the leg 
that was originally edematous from venous obstruction acquires an addi- 
tional element of lymphedema, and lymphedema may occur around 
varicose ulceis as a result of chronic infection So far as I am aware, 
however, pure uncomplicated lymphedema, whatever its origin, does not 
lead to ulceration It is in the earlier phases of the two diseases that 
difficulty IS encountered , the usual similarity of S3!’mptoms includes uni- 
laterahty, pitting on pressure, normal skin textui e and disappearance of 
edema following elevation of the limb Dissimilarities exist in the cir- 
cumstances of origin, speed of onset and progress, distress experienced 
by the patient and condition of the supeificial veins Thrombophlebitis 
with edema usually occurs in the couise of oi following an illness such as 
pneumonia or typhoid fever, oi follows childbirth or operation During 
the acute stage, a dull aching distress occurs in the area of the involved 
vein, which is tender to pressure , the edema develops i apidly to its full- 
est extent in the course of hours, and the superficial veins are dilated 
Lymphedema does not ordinarily occur during systemic disease The 
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absence of distiess is stnking, except when acute cellulitis and lymphan- 
gitis occui , the edema oidmaiily develops to its fullest extent slowly 
ovei a peiiod of weeks, months oi yeais, and the supeilicial veins aie 
not dilated Among dissimilaiities, the localized distiess that occms m 
thiombophlebitis is most impoitant Occasionally, the two conditions 
may coexist, as in the case of the thiombophlebitic limb that is involved 
in lecurient attacks of lymphangitis and cellulitis In lare instances it 
may be difficult, if not impossible, to distinguish between the two condi- 
tions, although loentgenologic studies may be of some value The 
difficulty is paiticuiaily great when patients can i elate only vague details 
about the development of the edema 

COMMENT 

It is apparent that too little is known about lymphedema In a study 
such as the one piesented, much depends on the accuiacy and details of 
the clinical histoiy and examination of the patients Invariably, when 
the study of patients with any specific condition has been earned out by 
diagnosticians having diveise inteiests, too much emphasis has been 
placed on diagnosis and too little on details of the histoiy and the mani- 
festations of the illness My study suffeis fiom this difficulty, which is 
offset somewhat by the fact that in lecent years the study of lymphedema 
at the Mayo Clinic has been centialized It is only by concentiated 
inquiry that minutiae of development can be tiaced in a consecutive 
niannei, and it is only ivhen this is done that facts about the evolution 
of lymphedema can be aiianged in an oideily pattern 

The expel imental data on lymphedema are, to say the least, confusing 
and somewhat contiadictory, and at best are inadequate and almost 
inconsequential with lespect to their worth in intei preting clinical phe- 
nomena A condition simulating chionic lymphedema m man has not 
been produced in animals, and the expei imental procedures so far 
executed appeal insufficient when compaied with those utilized in the 
production of venous edema Mechanical methods foi interrupting the 
flow of lymph at the loot of the leg should be, a prion, as devoid of 
lesults as those for mechanically interrupting the flow of venous blood 
It is not suipiising that lesectioii of the pelvic and inguinal lymph ves- 
sels does not produce lymphedema, when it is considered that multiple 
ligations of veins m the same area do not pioduce venous edema Expei i- 
ments corollaiy to those producing venous thrombosis with venous 

23 Since this article was written a report of the experimental production of 
lymphedema by progressively occluding lymphatic vessels has been published 
(Drinker, C K , Field, Madeleine E , and Homans, John The Experimental 
Production of Lymphedema and Elephantiasis as a Result of Lymphatic Obstruc- 
tion, Am J Physiol 108 509 [June] 1934) 
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edema are necessaiy, namel)^, lymphatic thiombosis Too little is known 
about the collateial ciiculation of lymph at the juncture of the extremity 
and the body Although it is valuable to point out that all lymph vessels 
join at the gioin and axilla and pass along the laige blood vessels, it 
IS impoitant to know about the connection of lymph vessels below these 
regions with the lymph vessels of the abdominal and thoracic walls and 
of the back Inasmuch as collateral ciiculation of the venous blood may 
be earned on bj^ collateial channels fiom the loot of the limb to the 
tiunk, it IS probable that an analogous situation exists for lymph ves- 
sels , at least, the analog}/ between veins and lymph vessels holds in every 
other impoitant regard 

Even the clinical diagnosis of lymphedema is sometimes uncertain, a 
situation best illustiated by tbe equivocal parts played by lymphatic and 
venous obstruction in phlegmasia alba dolens This situation is due to 
the absence of conclusive tests for lymphatic obstruction Solution of 
the pioblem of distinguishing lymphedema fiom othei types of edema 
may be found m analysis of the fluid in the edematous aieas, in tests 
for speed of ciiculation of lymph in the extiemities oi m some method 
of visualization of the lymph vessels with dyes or by loentgen studies 
I feel that the expeiimental pioduction of chionic lymphedema would 
be an important step in the solution 

Finally, too little is known about the bactenologic and pathologic 
changes in lymphedematous extiemities The etiology and the mechan- 
ism of production of l}mphedema cannot be fully consideied without 
the information gained fiom caieful study of the pathologic changes 
and the bacteiia involved 

I have pointed out some of the gaps in the knowledge of lymphedema 
in order to stress the need for further investigation, and to explain why 
It IS impossible to present a completed pictuie of the disease I feel that 
the shortcomings noted should encouiage lathei than discourage the 
investigatoi of lymphedema, the pioblems that lemain unanswered are 
so important that any piogiess will be noteworthy 

SUMMARY 

The impoitant facts legaiding lymph vessels and lymph aie reviewed 
A classification of lymphedema, based on a study of three hundred cases, 
IS piesented Desciiptions are given of the various types of lymphe- 
dema, and the mechanism of pioduction is leviewed Diftetential diag- 
nosis of lymphatic edema and othei types of edema is considered The 
shoitcomings in the knowledge of lymphedema aie mentioned 
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Hypei tension of the pulmonaiy ciiculation with hypeitiophy and 
consequent failuie of the light ventncle is most frequently due to 
initial stenosis or to chionic bionchitis and emphysema of long duia- 
tion The role of these mechanical causes of h)'^pei tension of the lessei 
circulation has been recently reemphasized by Moschcowitz In a 
group of cases described by Eppinger and Wagnei “ and by otheis 
(MacCallum®) as piimaiy scleiosis of the pulmonaiy vessels, the 
etiology of the vasculai lesion is laigely unknown Theie is, howevei, 
a lather uncommon group in which diffuse metastatic caicinomatous 
lymphangitis is associated with widespiead obliteiative endaiteiitis of 
the pulmonaiy vessels The widespread obliterative endaiteiitis causes 
a geneialized nai rowing of the pulmonary ciiculation followed by light 
ventiiculai hypertrophy and finally right ventiiculai caidiac failuie 

In 1874, Tioisier^ described an mteiesting clinical picture in patients 
with carcinomatous lymphangitis of the lungs secondary to caicmoma 
of the stomach In desciibmg his cases he commented on the paucity 
of the physical signs of disease m the lungs He was concerned piimar- 
ily with a desciiption of the lymphatic spread of the piocess and made 
no mention of the piesence of any vasculai changes In the same year, 
Raynaud® and Hillaiiet® published reports of similai cases They also 
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stiessed the involvement of the lymph vessels within the lung and pleuia, 
but did not state whether the blood vessels levealed any pathologic 
changes Gnode, in 1889,'^ was the fiist to mention the occurrence of 
endarteiitis of the pulmonary arteries in lymphangitis caicmomatosa, but 
he considered the involvement of the lymphatics by caicinoma to be the 
important pathologic change 

Girode was awaie of the fact that metastases to the lungs could occur 
by duect extension via the hepatic veins or vena cava system and give 
rise to pulmonary emboli However, he believed that the most frequent 
route foi pulmonaiy metastases was by way of the thoracic duct with a 
letiograde spread to the ceivicomediastinal lymph nodes and to the pul- 
monary lymphatics, a view in which Bard ® later concui red 

The French authois weie of the opinion that the clinical picture of 
dyspnea, cyanosis and cardiac failuie was the duect lesult of the pul- 
monary lymphangitis caicmomatosa, and that vascular changes need not 
be piesent They believed that the compiession effects of caicinomatous 
lymphangitis on the hi onchioles and alveoli wei e adequate to explain the ' 
clinical findings 

In 1897, Schmidt ° reported the finding of tumoi cells from a car- 
cinoma of the stomach in blanches of the pulmonaiy aitenes Fie pointed 
out that nai rowing and obliteration of the pulmonaiy aitenoles were 
responsible for the hypertrophy of the right ventricle in his case Later, 
in 1903, he published a monogiaph^® on the modes of metastasis of 
caicinoma The occurrence of hypertiophy of the light ventiicle was 
noted m one case of metastatic caicinoma of the lung In this study, 
foity-one cases of caicinoma oiigmating in abdominal visceia were exam- 
ined, in twenty-eight of which there were metastases to the lungs Of 
these, fifteen showed carcinoma cell emboli in the pulmonary arterioles 
without any macroscopic alterations m the paienchyma of the lung The 
stomach was the site of the piimaiy gioAvth in seven of the fifteen cases 

Schmidt believed that these tumor emboli spiead into the pulmonary 
vessels via the thoracic duct, the light subclavian I'^ein, the superior i^ena 
cava and the light side of the heait, and thence into the pulmonary arte- 
rioles According to him, many of the tumor cell emboli acquire a 
platelet deposit during then passage through the blood stream After the 
emboli lodge in the arterioles, the thiombotic deposit increases by the 

7 Girode, J Lymphangite cancereuse pluro-pulmonaire sans cancer du 
poumon, Arch gen de med 1 50, 1889 

8 Bard, L La lymphangite pulmonaire cancereuse generalisee, Semaine 
med 26 145, 1906 

9 Schmidt, M B Ueber Krebszellenembolien in den Lungenarterien, Ver- 
handl d deutsch naturforsch , Braunschweig, 1897, no 15, p 11 

10 Schmidt, M B Die Verbreitungswege der Karzinome und die Beziehung 
generalisierter Sarcome zu den leukaemischen Neubildungen, Jena, G Fischer, 1903 
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fuither apposition of blood elements Subsequently the tumoi cells dis- 
integiate, the thioinbotic material becomes oigamzed, and theie lesults 
either total fibious obliteiation of the lumen of the vessel or the forma- 
tion of a pillow-like projection into the lumen of the r^essels Schmidt 
pointed out that sometimes a secondary deposit of new thrombotic mate- 
iial 01 of new caicinoma cells occuis on an old fibiosed plaque, after 
which one may observe within the same aiteiiole vascular changes of 
different stages which are easily distinguishable fiom one another 
(% 1 ) 



Fig 1 Carcinomatous endarteritis of a small artery showing recanalization 
with recent thrombus formation 


Except foi the leport by Baid® in 1906, and an occasional mention 
of this condition in some of the German textbooks on pathology, no fui- 
thei mention of this condition was made until the publication by von 
Meyenhurg “ m 1919 and that of Ceelen m 1920 

While the French wi iters deserve the credit foi recognizing the gross 
pathologic changes in caicinomatous lymphangitis of the lungs and for 

11 von Meyenhurg, H Zur Kenntnis der Lymphangitis carcmomatosa in 
Lungen und Pleura, Cor-Bl f schweiz Aerzte 48 1668, 1919 

12 Ceelen, W Ueber emem Fall von Thrombendarterntis pulmonis carcmo- 
matosa, Med Khn 16 94, 1920 
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the observation that the tachypnea and cyanosis are out of piopoition to 
the physical signs in the lungs, the striking histopathologic pictuie was 
first desciibed by Schmidt twenty-thiee years after Troisier’s report, and 
the clinical pictuie was desciibed in detail by von Meyenburg and Ceelen 
The characteristic syndrome is therefore well established m the French 
and Geiman literature, but it has not been leported in the English or 
American publications The following cases are therefore described in 
order to call attention to the condition 

REPORT or CASES 

Case 1 — L K , a white woman, aged 40, %vas admitted to Mount Sma: Hospital 
(service of Dr B S Oppenheimer) on Aug 22, 1929 The family history was 
irrelevant 

A cholecystectom}'^ and an appendectomy had been performed seven years pre- 
viously, and an exploratory laparotomy for symptoms of peptic ulcer four years 
ago Eleven weeks prior to admission a nonproductive cough developed which 
was accompanied by a dull pain in the chest and by frequent night-sweats 
The cough became increasingly troublesome, and five weeks after its onset dyspnea, 
progressively increasing weakness and hoarseness developed Four weeks later 
the patient was awakened from sleep by a choking sensation in the chest followed 
by a brief syncope That night she had three similar attacks of suffocation These 
episodes recurred frequently after that time 

One year prior to admission the patient discovered a small mass in the right 
breast which was painless to palpation A similar painless mass was felt in the 
opposite breast Both masses had enlarged rapidly during the last month There 
was no history of hemoptysis, chills or fever 

Physical Examination — The patient was chronically ill, moderately emaciated 
and dyspneic and coughed frequently There was a congenital bilateral internal 
strabismus A small lymph node was palpated on the right side of the neck In 
the outer quadrant of each breast, firm, hard, nodular masses which were not fixed 
to the skin or deeper structures were noted Except for the presence of a moderate 
number of moist rales, there was a distinct paucity of physical signs in the lungs 
The heart was not enlarged There was a systolic murmur over the pulmonic 
area Radial pulses were small m volume but equal No masses were felt in 
the abdomen Several small lymph nodes and one large one were found m the 
right axilla, m the left axilla there were several small nodes The lymph nodes 
were freely movable and not stony hard 

Laboiaiojy Examination — Studies of the blood revealed hemoglobin, 60 per 
cent, red cells, 5,000,000, white cells, 13,000, polymorphonuclear leukocytes, 78 
per cent, lymphocytes, 16 per cent, monocytes, 4 per cent, and basophils, 2 per 
cent The systolic blood pressure was 82 and the diastolic, 68 The Wassermann 
reaction of the blood was negative On admission, chemical examination of the 
blood revealed 19 mg of blood urea per hundred cubic centimeters 

Diagnosis — A diagnosis of chronic bilateral cystic mastitis was made, the 
possibility of a malignant change in the tumors of the breasts and of pulmonary 
metastases was considered 

13 A report m the Presse medicale (41 745 [May 10] 1933) by A Costedoat 
entitled “La lymphangite cancereuse des poumons” came to my attention after this 
paper liad been prepared for publication 
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Com -Throughout the patient’s stay m the hospital, the temperature remained 
about 100 F The dyspnea, which was strikingly apparent on admission, became 
increasingly conspicuous 

The first night in the hospital the patient was suddenly awakened irom sleep 
by coughing She felt faint but did not lose consciousness She perspired pro- 
fusely, and It was noted that the lips became deeply cyanotic The pulse became 
imperceptible for about one minute, and then the rate increased to 104 per minute 
and remained irregular and weak During this period the respirations were rapid 
and somewhat shallow , the rate, however, was not recorded The attack lasted 
about ten minutes, after which the patient slept comfortably for the remainder 
of the night The following day she had a similar attack, except that she lost 
consciousness for about one minute These attacks recurred frequently She was 
constantly troubled by the dry, raspy cough which had been present on admission 

Three days after admission, Dr Harry Wessler reported that the roentgen 
picture of the chest was very suggestive of “lymphangitis carcinomatosa ” 

The persistent tachypnea (from 30 to 35 per minute) without orthopnea or 
cyanosis raised the question of acidosis as a possible cause of the rapid respiratory 
rate However, the carbon dioxide-combining power of the blood was reported to 
be 39 volumes per cent A biopsy, performed on a supraclavicular lymph node 
four days after admission, was reported by Dr Paul Klemperer to show “metas- 
tasis of a signet ring cell carcinoma with excessive fibroplastic tendencies ” 

Electrocardiographic tracings one day before death were reported to show 
“right axis deviation , Ts and Ts showed cove-plane inversion ” 

Under observation, symptoms and signs of failure of the right side of the heart 
rapidly developed , cyanosis appeared , the liver gradually enlarged , a right hydro- 
thorax and then a small amount of ascites developed 

Embryocardia appeared one day before death The diagnosis of carcinomatosis 
of the heart was suggested before death to explain the picture of progressive 
myocardial failure from which the patient died six days after her entrance to the 
hospital 

Autopsy — The essential changes found at postmortem examination are sum- 
maiized 

Macroscopic Examination Externally, there was marked cyanosis of the face, 
lips, ears and nail beds Each breast contained a firm mass approximatel)- S by 
4 cm These masses, which were in the upper and outer quadrant, were not 
adherent to the underlying skin and did not involve the nipple Section of the 
masses m the breast revealed a firm, white, almost cartilaginous tissue that sug- 
gested carcinoma 

Both pleural cavities contained a small amount of clear straw-colored fluid 
The lungs ivere free from adhesions Except for distended, white, prominent 
lymphatic vessels, the pleurae were smooth and glistening The lungs weighed 
1,280 Gm The pleural l}miphatics were prominent, thickened and infiltrated by a 
white tissue which formed a cordhke tracery over the surface of the lungs The 
lungs were subcrepitant Numerous pinpoint to pinhead sized nodules were pal- 
pated throughout both lungs On section, it appeared as if all the lymphatic chan- 
nels were thickened and contained firm white tissue The intervening lung was 
grayish brown There were several anthracotic lymph nodes, which on section 
revealed an infiltration of firm, white tissue The branches of the pulmonary 
arteries presented scattered areas of atheroma The pulmonary veins presented no 
gross changes 

The heart weighed 400 Gm The pericardium contained a slightly increased 
amount of straw-colored fluid The pericardial surfaces vere smooth and glisten- 
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ing throughout The apex of the heart was composed of both ventricles The 
right side of the heart was markedly enlarged, owing mainly to a hypertrophied 
and slightly dilated right ventricle The valves and endocardium were grossly 
normal The left auricle and ventricle showed no significant changes The aorta 
presented occasional scattered atheiomatous plaques The coronary arteries were 
patent throughout and not narrowed 

The liver weighed 1,475 Gm It was firm and reddish brown On section, the 
normal architecture was greatly disturbed and completely replaced by irregular 
areas of yellow regenerating hepatic tissue interspersed with reddish portions form- 
ing a mosaic picture typical of a “nutmeg liver ” The hepatic veins were markedly 
dilated, and the central veins deeply congested The portal vein and biliary pas- 
sages were grossly normal 

There was a large, flat, firm tumor located on the lesser curvature about 5 cm 
below the esophagus extending to within 4 cm of the pylorus On section, this 
tumor was seen to be composed of a diffusely infiltrating, grayish-white tissue 
causing a marked thickening of the wall of the stomach and presenting several 
superficial small ulcerations Lymph nodes along the curvature of the stomach 
were markedly enlarged and infiltrated by grayish-white tumor tissue 

Microscopic Examination The histologic picture of the neoplasm of the 
stomach was characteristic of a scirrhous adenocarcinoma 

The pleura was thickened, owing to an increase m connective tissue, and con- 
tained a moderate sprinkling of lymphocytes, plasma cells and an occasional poly- 
morphonuclear leukocyte The pleural lymph spaces contained nests of tumor cells, 
some of which were of the “signet ring” variet}" Frequent mitoses in the tumor 
cells were encountered Occasionally single carcinoma cells were seen in the 
tissue spaces 

The connective tissue septums containing the large and small bronchi and 
vessels were greatly thickened The septums were made up of richly vascularized 
connective tissue in which a dense infiltration of lymphocytes, plasma cells and 
polymorphonuclear leukoc}tes was seen 

The alveoli near the septums were frequently collapsed, while others were 
emphysematous The alveoli contained a small amount of edema fluid, some 
desquamated alveolar epithelium and a few iron-containmg macrophages 

The large arteries possessed a markedly hyperplastic intima which consisted of 
a thick layer of fibers in the subendothelial region, while the outer portions were 
formed by a loose interlacing network of connective tissue fibers containing a few 
fine elastic fibers The media presented a mucoid change of the ground substance 
The adventitia was trabeculated and thickened 

The small arteries of the 2 mm size frequently presented a narrowed or at 
times a completely obliterated lumen The obliteration or the narrowing of the 
lumen, which was more often eccentric than concentric, was brought about by a 
loose connective tissue proliferation of the intima Serial sections revealed that 
the lumens of these arteries were compromised to various degrees along the course 
of the artery, in places the narrowing was the result of a plaquelike lesion 
encroaching on the lumen of the vessel (fig 2) Frequently an obturating 
thrombus of fibrin, often containing a single or many carcinoma cells, was found in 
the lumen of a narrowed artery The media of these vessels was greatly com- 
pressed The adventitia was difficult to distinguish from the dense and increased 
perivascular connective tissue which was often edematous and was infiltrated by 
many plasma cells, lymphocytes and a few polymorphonuclear leukocytes The 
perivascular lymph vessels contained large nests of tumor cells 
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Anatomic Diagnosis — The diagnosis was infiltrating scirrhous carcinoma of 
the stomach (linitis plastica) with metastases to both breasts, skin, ovaries, lungs 
and tracheobronchial lymph nodes, lymphangitis carcmomatosa of the lungs and 
obliterative endarteritis of smaller arteries and the arterioles, hypertrophy and 
dilatation of the right ventricle, chronic passive congestion of the liver, fibro- 
myomas of the uterus, and cystic endocervicitis 

Snmmaiy — A white woman, aged 40, presented a history of a dry, nonproduc- 
tive cough, frequent night-sweats and later dyspnea and weakness 

Examination revealed masses in both breasts, small intracutaneous nodules over 
the middle of the clavicle and a moderate number of moist rales m the chest 

The clinical course was characterized by rapidly increasing tachypnea and 
cyanosis terminating in failure of the right ventricle 

The electrocardiographic tracings indicated a right ventricular hypertrophy , the 
roentgen picture of the chest was suggestive of lymphangitis carcmomatosa 

At autopsy, a scirrhous carcinoma of the stomach was found with lymphangitis 
carcmomatosa of the lungs and an obliterative endarteritis of the pulmonary vessels 

Case 2 — J L, a man, aged 38, was admitted to the Mount Smai Hospital 
(service of Dr Leo Kessel) on April 12, 1932 The past history was unimportant 
The patient stated that he was well until one year before About that time 
occasional attacks of localized pain developed in the lower portion of the abdomen 
which subsequently shifted to the left lower quadrant, with radiation to the 
epigastrium The pain was mild and occurred from one to two hours after eating, 
being relieved somewhat by food and alkalis, but mainly by vomiting After 
roentgen examination of the gastro-intestinal tract, the patient was informed by 
his physician that he had a stenosing peptic ulcer and was placed on a bland diet 
and advised to use alkalis With dietary precautions he was symptom-free for 
about seven months, until three weeks before his admission to the hospital A 
feeling of fulness in the upper portion of the abdomen and vomiting after meals 
developed, and the patient complained of marked anorexia His symptoms became 
progressively worse , a week later he began to cough and expectorated about an 
ounce of mucopurulent sputum daily Shortly after the onset of the cough, he 
became dyspneic At first his dyspnea was mild, but it gradually became so severe 
that at the time of admission to the hospital it was his most prominent symptom, 
even \\hile at rest There had been a loss of 25 pounds (11 3 Kg ) m weight in 
the last eight months 

Physical Examination — The patient was robust, slightly obese and d 3 'spneic 
There was a distinct pallor of the skin and mucous membranes, but no cyanosis 
or edema The veins in the neck were not distended The chest was barrel- 
shaped No dilated veins w^ere noted over the wall of the chest There w'as 
diminution of pulmonary resonance below the angles of the scapulas where the 
breath sounds were increased m expiration, and occasional crackling rales could 
be heard The bases of both lungs moved freely The heart was not enlarged, the 
sounds were of good quality, rhythm was regular and no murmurs were heard The 
aortic second sound was louder than the pulmonic second sound The abdomen 
was markedly distended, particularly in the epigastric region where direct and 
rebound tenderness was noted The liver was palpated three and a half finger- 
breadths below the right subcostal margin There was no peripheral edema or 
clubbing of the fingers or toes 

Laboiatoiy Examination — Studies of the blood revealed a hemoglobin of 69 
per cent, 9,000 white cells per cubic millimeter, 82 per cent polymorphonuclear 
leukocytes, and 14 per cent lymphocytes The blood pressure was 94 systolic and 70 
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diastolic The Wassermann reaction of the blood was negative Chemical examina- 
tion of the blood revealed 18 mg of urea per hundred cubic centimeters, 515 mg of 
chlorides and a carbon dioxide-combming power of the plasma of 48 volumes per 
cent Examination of the urine gave negative results The guaiac test for occult 
blood in the stool was negative The Rehfuss test meal revealed a total acidity of 44 
with a free acidity of 25 only after the administration of 0 5 mg of histamine, sub- 
cutaneously Gastric aspiration yielded 20 cc of yellow nonbloody fluid The 
electrocardiographic tracings showed a tendency to right ventricular preponderance 
with the R and T waves low m all leads 

Diagnosis — A diagnosis of peptic ulcer with pyloric stenosis was made, carci- 
noma of the stomach was to be excluded 

Comse — In the ward, the patient’s temperature fluctuated between 100 and 
102 F , with a pulse rate of about 86 and a respiratory rate between 20 and 24 per 
minute Roentgenologically, the pulmonary fields were clear, there was marked 
elevation of the diaphragm on both sides with a resultant upward displacement of 
the heart A series of roentgenograms of the gastro-intestmal region was reported 
as showing no abnormalities 

Four days after admission, signs of congestion appeared at the base of both 
lungs with presacral edema and ascites D}'spnea became more marked and was 
soon accompanied by orthopnea and deepening cyanosis, which was greatly exag- 
gerated by effort The liver grew larger, and generalized edema became apparent 
With these and the electrocardiographic evidence of right ventricular prepon- 
derance, It was felt that progressive failure of the right side of the heart due to a 
m 3 '’ocardial lesion was responsible for the clinical picture, although the exact nature 
of the cardiac lesion was not known Another suggestion offered for the circula- 
tory failure was that the failure was due to some mechanical obstruction to the 
great veins obstructing the return of the venous blood to the heart 

Eight days after admission, the patient became pS3'chotic and extremely cyanotic 
and died m circulatory collapse 

Autopsy — The body was that of a well nourished man in incomplete rigor 
mortis There was slight pretibial edema The peritoneal cavity contained about 
1,500 cc of straw-colored fluid 

Each pleural cavity contained approximately 300 cc of straw-colored fluid 
The visceral pleurae of both lungs presented numerous 3 fellowish-white distended 
bTOphatic vessels On the diaphragmatic surface of the lower lobe of the right 
lung and m the middle lobe were several small, firm, dark blue areas The lungs 
were moderately voluminous and generally crepitant except for a small area 
occupying the upper lobe of the right lung On section, the lungs were red and 
congested and presented a faint brownish tint The upper lobe of the right lung 
was fleshy, and much frothy fluid exuded from the lower lobe The small, firm, 
dark blue areas were wedge-shaped and represented infarcts Throughout both 
lungs, but most marked m the lower lobes, were numerous grayish-white, pinpoint 
to pinhead sized nodules which caused the lungs to feel finely nodular The 
smaller septums stood out as prominent gray strands The pulmonary arteries 
showed an occasional atheromatous plaque In the middle lobe an adherent 
reddish thrombus occluded the lumen of a medium-sized vein The bronchial 
mucosa was reddened Both lungs presented the same gross anatomic picture 

The pericardial sac contained about 200 cc of straw-colored, clear fluid The 
heart was flabby and small The right ventricle was moderately dilated and 
distinctly hypertrophied The left ventricle was not h 3 '-pertrophied The %alves 
and endocardium were normal 
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The liver was moderately enlarged and firm and presented a smooth capsule 
with rounded edges On section, a variegated appearance was seen, such as is 
seen in the "nutmeg” liver of chronic passive congestion 

An indurated, flat, smooth, gra}'-ish-\\ lute plaque with scalloped edges measuring 
6 cm m diameter was seen on the lesser curvature of the stomach about 5 cm 
from the pyloric ring On sectioning the plaque, firm, homogeneous, grayish- 
white carcinomatous tissue about 5 mm thick was found The gastro-hepatic 
ligament for a distance of about 10 cm was indurated and diffusely infiltrated 
The regional lymph nodes did not appear to be grossly involved 

Microscopic Examination The histologic picture of the tumor of the stomach 
was typical of a scirrhous adenocarcinoma 

The lymph vessels surrounding the large and smaller arterial branches fre- 
quently contained masses of tumor cells The perivascular connective tissue was 
distinctly increased It consisted of thickened nuclear-poor connective tissue which 
was infiltrated m the periphery by many lymphocytes and few polymorphonuclear 
leukocytes The adventitia merged into the perivascular connective tissue mantle 
from which it could not be differentiated The media of some of the smaller 
arteries W'as definitely narrowed, but showed no other changes Many of the 
smaller arteries showed a marked intimal proliferation which narrowed the lumen 
of many of the vessels and caused a complete obliteration m others The intimal 
proliferation, was not always circumferential but was mostly localized and resulted 
in plaquelike lesions The elastic interna of these vessels was distinct and not 
lamellated The thickened intima consisted of nuclear-poor connective fibers which 
were interspersed with frequent fine elastic fibers Occasionally, the narrowed 
lumen of one of the vessels was further occluded by a plug of fibrin Tumor cells 
were not present in the lumen of the vessel in this case 

In resume, this is a case of a scirrhous carcinoma of the stomach with metas- 
tases to the regional lymph nodes and infiltration into the gastro-hepatic ligament 
and pancreas 

There was marked plugging of the perivascular lymphatics of the lung with 
carcinoma cells and marked perivascular fibrosis with an inflammatory cellular 
infiltration The mtima of many arteries showed a definite thickening, often result- 
ing m complete obliteration of the lumen Plugs of fibrin were present within the 
lumen of the vessel although no tumor cell emboli were found 

In this case the fibroplastic stimulation resulting in the marked mtimal prolifera- 
tion, often leading to complete obliteration, might also be ascribed to the presence 
of the carcinoma cells in the perivascular lymph channels, as carcinoma cell 
emboli are not seen here 

Anatomic Diagnosis — The diagnosis was scirrhous adenocarcinoma of the 
stomach with metastasis to the regional and peripancreatic lymph nodes, gastro- 
hepatic ligament and pancreas, lymphangitis carcinomatosa of both lungs with 
thrombo-endartentis of the smaller pulmonary arteries and the arterioles , hyper- 
trophy and dilatation (moderate) of the right ventricle, chronic passive congestion 
of the liver (“nutmeg”), spleen and kidneys, anasarca (ascites, hydrothorax, 
hydropericardium, edema of the low'er extremities and sacrum) , acute pulmonary 
edema , pulmonary infarcts of the middle and lower lobes of the right lung, and 
thrombosis of the pulmonary vein of the middle lobe 

Summaiy — A white man, aged 38, presented a one year history of epigastric 
pain, occurring from one to two hours after eating, loss of weight and a three 
week history of anorexia and vomiting after meals, follow'ed two weeks later by 
cough and dyspnea 
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Examination revealed a dyspneic, anemic-Iooking man Pulmonary resonance 
was diminished below the scapular angles, where an occasional crackling rale 
could be heard 

In this case, the progressive right ventricular failure greatly overshadowed the 
gastro-intestinal symptoms The roentgen examinations both of the gastro-intes- 
tinal tract and of the chest gave negative results The electrocardiographic trac- 
ings indicated a tendency to right ventricular preponderance 

At autopsy, a scirrhous adenocarcinoma of the stomach was present, with 
metastases to the lungs in the form of widespread lymphangitis carcinomatosa of 
the lungs with a diffuse obliterating endarteritis of the small arteries and the 
arterioles 

Case 3—0 H, a white man, aged 40, was admitted to the medical service of 
Dr George Baehr on April 14, 1931 For the past ten years he had experienced 
vague epigastric discomfort, mild anorexia, headache and occasional vomiting 
Two and one-half months before admission he became markedly constipated and 
occasionally complained of severe pain in the upper abdominal region which 
usually appeared from fifteen to thirty minutes after eating Weakness and loss 
of weight followed the onset of the intestinal disturbance Two months later a 
nonproductive cough developed About this time asthenia became so marked 
that he had to go to bed His weight had decreased from 130 to 105 pounds (59 
to 47 6 Kg ) in the past two and one-half months 

Examination revealed a chronically ill, wasted man There were a few 
crepitant rales at the bases of both lungs The heart was not enlarged, there 
were no murmurs The pulmonic second sound was accentuated, split and louder 
than the aortic second sound The abdomen was generally distended A ques- 
tionable mass descending with respiration was palpated in the left hypochondnum 
No clubbing of the fingers or toes and no edema or cyanosis were found 

Laboiatofy EvammaUon — Studies of the blood revealed a hemoglobin content 
of 78 per cent with 7,600 white cells The differential count revealed 81 per cent 
polymorphonuclear leukocytes, 11 per cent lymphocytes, 5 per cent monocytes and 
3 per cent eosinophilic leukocytes The blood pressure was 128 systolic and 72 
diastolic The Rehfuss test meal showed the absence of free hydrochloric acid in 
the gastric content, each specimen aspirated was grossly bloody The stool was 
reported to contain occult blood The urinary findings were not significant 
Sigmoidoscopic examination gave negative results Roentgen examination of the 
colon with an enema of barium sulphate showed only a marked depression of the 
midportion of the transverse colon with some constriction in this region which was 
interpreted as “suggestive of adhesions” Roentgen examination of the chest 
showed a diffuse mottling of both lungs which was considered to be due either to 
an artefact resulting from the roentgen technic or to developing tuberculosis The 
Wassermann reaction of the blood was negative 

Diagnosis — A diagnosis of an intra-abdominal malignant condition was made 

Com jc— Except for increasing restlessness, the patient’s course was uneventful 
until four days after admission, when he suddenly went into collapse without 
cyanosis His pulse suddenlj rose to 150 per minute, with a respiratory rate of 54 
per minute The temperature was 1014 F The patient complained of marked 
weakness, faintness, dizziness and thirst The blood pressure reading was 80 
sjstohc and 70 diastolic Examination revealed that the mucous membranes were 
pale and the skm cold and moist The pulmonary fields were clear, and except 
for tachycardia examination of the heart gave essentially negative results The 
hemoglobin was unchanged Two hours later the patient “appeared very restless, 
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apprehensive, almost gasping for breath” At this time physical examination 
ga\ e the same results as it had earlier m the evening Rectal examination revealed 
no blood or tarry stool on the examiner’s glove As the hemoglobin was still 78 
per cent, hemorrhage was considered unlikel}' The patient died one hour later, 
four days after admission 

Autopsy — The essential changes found at postmortem examination are sum- 
marized The lungs presented a similar appearance The pleurae were studded 
with numerous tiny white nodules In places there were whitish-gray branching 
streaks outlining the lymphatic vessels On section, the lungs were congested and 
erery where studded with sharply defined, tiny white nodules the size of a millet- 
seed In places the lymphatics appeared like tiny twigs The tracheal and 
bronchial lymph nodes were considerably enlarged, and on section revealed tumor 
tissue 

The heart was not enlarged The valves, endocardium and myocardium pre- 
sented no gross abnormalities The coronary arteries were normal 

There was a moderate amount of free fluid in the abdominal cavity The 
omentum was rolled up and firm and contained numerous white, firm tumor nodules 
There was a deposit of neoplastic tissue partly lining the culdesac A firm nodular 
mass m the wall of the stomach was densely adherent to the peritoneal structures 

The liver was moderately enlarged and congested 

The capsule of the spleen was covered with numerous small metastatic nodules 
The hilus was densely adherent to the stomach and the head of the pancreas and 
was encased m a neoplastic mass 

The pancreas was completely surrounded by neoplastic tissue which 
infiltrated the substance in some areas The splenic and mesenteric vessels were 
not compressed or infiltrated 

Along the entire lesser curvature of the stomach a flat, ulcerated, neoplastic 
mass was found This tumoi infiltrated the entire postenoi wall of the stomach, 
producing a diffuse thickening and presenting the appearance of linitis plastica 
All the regional lymph nodes extending to the porta hepatis, the penpancreatic 
nodes and the periaortic nodes, which encased the aorta without compressing it, 
were enlarged by metastases The inferior vena cava was not involved, and the 
thoracic duct was lost in the neoplastic tissue, but no tumor tissue was seen within 
It, grossly, the lumen appeared intact 

Miaoscopxc E\ammahon — The gastric neoplasm was a scirrhous adenocarci- 
noma of the stomach, presenting the picture of Imitis plastica 

Throughout the lungs the perivascular connective tissue septums were thickened 
The perivascular lymph vessels were distended with masses of tumor cells At 
times single tumor cells could be seen within the tissue spaces Frequent mitoses 
\\ere present The connective tissue surrounding the blood vessels showed marked 
infiltration of polymorphonuclear leukocytes and lymphocytes Frequentl}' an 
arterial wall wms found to be penetrated by tumor cells and presented a poly- 
morphonuclear leukocytic infiltration The lumen of the great majority of the 
small arteries and the arterioles contained adherent masses of tumor cells showing 
frequent mitoses Frequently the tumor cells were enmeshed in a fibrin plug which 
partially or completely closed the lumen Occasionall}q early organization of one 
of these plugs was seen Often the lumen of these vessels was narrow^ed or com- 
pletel}’’ obliterated by a connective tissue proliferation of the intima which w'as 
infiltrated by polymorphonuclear leukocytes and single tumor cells 

In this case a scirrhous adenocarcinoma of the stomach with extensive metas- 
tases to the IjTOph nodes, liver and peritoneum w'as present The lungs show’ed a 
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widespread filling of the septums, hmph channels and spaces by tumor cells and 
a connective tissue proliferation with a diffuse inflammatory reaction The walls 
of the small arteries and the arterioles were frequently infiltrated by tumor cells 
which often plugged the lumens of these vessels and presented numerous mitoses 
Some of the lumens were closed by tumor-fibrin thrombi, while others presented an 
obliterating intimal proliferation infiltrated by polymorphonuclear leukocytes and 
tumor cells In this case the genesis of the obliterating endarteritis might be 
ascribed to infiltration around and into the vessel causing a marked fibroplastic 
stimulus and not, as Schmidt believed, to multiple carcinomatous emboli It is 
still questionable whether the carcinoma masses in the lumen of the vessel could 
not be e\plained by an autochtonic proliferation of tumor cells which had pene- 
trated into the lumen 

The veins did not show any significant changes 

Anafonuc Dtaguosis — The diagnosis was scirrhous adenocarcinoma of the 
stomach with metastases to the regional and tracheobronchial lymph nodes, lungs, 
pancreas, liver and capsule of the spleen, 13 'mphangitis carcinomatosa of the lungs 
and obliterating endarteritis of the smaller pulmonary arteries and arterioles 

Summaiy — A white man, aged 40, presented a two and a half month historj^ of 
increasing constipation and occasional spontaneous pain in the upper abdominal 
region followed by weakness and loss of weight Two weeks before admission a 
nonproductive cough developed Examination revealed a chronically ill, wasted 
man The thoracic findings were unimportant Except for the terminal event of 
faintness, appiehensiveness and marked dyspnea, the symptoms were generallj'' 
referable to the gastro-intestmal tract At necropsy, a scirrhous adenocarcinoma 
of the stomach with pulmonary metastases was found Besides the presence of 
lymphangitis carcinomatosa, an active thrombo-endartentic process was strikingly 
conspicuous throughout the parenchyma of the lung 

Case 4 — H W , a white man, aged 37, was admitted to the surgical service of 
Dr Edwin Beer on July 16, 1931 The past history was unimportant except for an 
operation for perirectal abscess seven years previously The patient stated that he 
had been in a good state of health until four months prior to his admission About 
this time he became markedly constipated, and anorexia developed Several days 
before Ins entrance to the hospital, severe diffuse pain developed in the upper 
abdominal region accompanied by several attacks of vomiting Concomitant with 
the onset of the constipation he noted that he was short of breath after slight 
exertion and subsequently even while at rest 

Physical E\amination — The patient was an emaciated d^spneic man who 
appeared quite ill Respirations were rapid (30 per minute) and “grunty” The 
pulse rate was 144, and the temperature 103 F There were coarse loud rales and 
squeaks heard over both sides of the chest The heart rate was rapid , no enlarge- 
ment or murmurs were noted The lower portion of the abdomen was distended, 
tense and tender from the umbilicus down to the symphysis pubis No masses were 
palpated Digital rectal examination revealed a hard, almost stony mass which 
encircled the rectum, slightly narrowing the lumen, just at the tip of the examining 
finger 

Labotafoiv E\ammatwn — Examination of the blood showed a hemoglobin of 
80 per cent, 6,000 white blood cells with 77 per cent poljTOorphonuclear leukocytes 
and 23 per cent lymphocytes The urine contained albumin (2 -f) and an occa- 
sional leukocjte The stools were not examined Because of the striking symptom 
of dyspnea, a roentgen examination of the chest \vas made soon after admission and 
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was reported by Dr Harry Wessler as suggesting “lymphangitis carcinomatosa 
involving both lungs in their entirety ” 

Diagnosis — The diagnosis was carcinoma of the rectum with xieritoneal and 
pulmonary metastases and peritonitis secondary to perforation of a carcinomatous 
lesion 

Com sc — ^While m the ward the patient’s temperature varied between 103 and 
104 F with corresponding increase in the pulse rate varying between 100 and 136 
The respiratory rate averaged about 31 per minute The patient vomited frequently 
and complained of epigastric pain There was diffuse abdominal tenderness 
Dyspnea became more marked, and six days after admission he suddenly experi- 
enced cardiac collapse, the pulse became very rapid and thready, breathing was 
labored, accompanied by a marked diaphoresis Death occurred one hour later on 
July 22, SIX days after admission to the hospital 

Autopsy — Both pleural cavities were free from adhesions and did not 
contain any excess fluid The lungs were well aerated and retained their 
shape The visceral pleura presented numerous circular, umbilicated, firm 
nodules about 1 cm in diameter scattered over the surface of the lung Some 
of these nodules were confluent and were arranged in clover-leaf fashion The 
appearance of white, firm cords of tissue in the lymphatics, spreading out from these 
nodules, was striking On section, many similar grayish-white nodules were seen 
scattered diffusely throughout the substance of the lung, appearing to occupy 
particularly the septums and the peribronchial and perivascular areas The nodules 
were larger and more confluent near the hilus, decreasing in frequency toward the 
periphery of the lung The nodular involvement was greatest in the lower lobes 
The hilus and paratracheal nodes were greatly enlarged and on section presented a 
grayish-white homogeneous structure The lungs weighed 1,850 Gm The pul- 
monary vessels were grossly normal 

The heart weighed 280 Gm There was no hypertrophy of the right ventricle 
The valves, endocardium and myocardium were grossly normal 

The liver weighed 1,675 Gm The surface was smooth, and the capsule was 
not thickened It was firm in consistency and reddish brown The edges were 
rounded On section, the lobular structure was distinct, the centers of the lobules 
being reddish brown There were two grayish-white, round tumor nodules in the 
hepatic substances, measunng 3 mm in diameter The gallbladder, biliary pas- 
sages and portal vein were normal The lymph nodes m the pdifta hepatis were 
slightly enlarged 

The esophagus and stomach were essentially normal The intestines were dis- 
tended, being free in the upper part of the abdomen but densely matted in the 
lower half at the site of a peritoneal abscess formed after the rupture of a carci- 
noma of the sigmoid The serosa, mesentery, mesocolon, mesosigmoid, omentum 
and parietal peritoneum all showed distinct, whitish-gray, firm, metastatic 
nodules, varying from 1 to 5 mm in size A distinctive feature was that the nodules 
were arranged in a linear or lacework manner as if they corresponded to the local 
lymphatic channels At the junction between the descending colon and the sigmoid, 
the intestinal wall was thickened and infiltrated by firm, white tissue which con- 
tinued for a distance of 15 cm , the sigmoid finally narrowing to a diameter of 
about 1 cm , causing marked stenosis of the lumen The mucosal surface in this 
area was a dark dirty gray but not ulcerated Just proximal to the stenotic lumen, 
a fistulous tract communicated with a peritoneal abscess which contained foul pus, 
sharply walled off by loops of small intestine and omentum The remainder of 
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the sigmoidal and rectal mucosa was not in\olved In the pelvic cavity the 
bladder, intestines and peritoneum were densely infiltrated with tumor tissue 

Tiiere were marked metastases with enlargement of many of the lymph nodes m 
the abdominal and thoracic regions The thoracic duct could not be identified 
because of permission for a limited postmortem examination 

Microscopic Examination The tumor in the sigmoid was described as an 
adenocarcinoma of the “signet ring” variety 

All the metastases examined histologically revealed the type of tissue seen in 
the primary neoplasm of the sigmoid 

This case showed strikingly a pure lymphangitic carcinomatosis The most 
marked histopathologic changes were found in the perivascular and peribronchial 
lymphatics which were greatly dilated owing to the pressure of huge nests of 
tumor cells composed mostly of the signet ring type Many of these collections 
of cells showed abundant secretion Occasionally a mitotic figure was seen The 
tumor caused a distinct narrowing and distortion of both the bronchi and 
bronchioles and the medium-sized and small arteries The alveoli were similarly 
compressed, and the capillaries of their septums were congested It is noteworthy 
that no appreciable amount of intimal hyperplasia was encountered 

Anafoiinc Diagnosis — The diagnosis was adenocarcinoma of the sigmoid 
(signet ring cell type) , lymphatic carcinomatosis of the peritoneum, mesentery, 
mesosigmoid, retro-aortic and retromediastinal nodes, bladder and intestines , 
lymphangitis carcinomatosa of the lungs, subacute infectious splenic swelling, 
metastatic nodules in the liver (minimal), and carcinomatous infiltration of the 
left ureter with left hydronephrosis 

Siimntaiy — A 37 year old white man presented a history of constipation, 
anorexia and progressively increasing dyspnea for four months Several days 
before entrance to the hospital severe pain in the upper abdominal region developed 
Examination revealed an emaciated dyspneic man The respiratory rate was 34 
per minute There were definite coarse rales m both sides of the chest A stony 
hard mass was felt m the rectal wall The presence of tachypnea with coarse 
rales m both sides of the chest m a case of neoplasm of the sigmoid led to the 
suspicion of pulmonary metastases — a suspicion which was confirmed by roentgen 
examination of the chest and autopsy 

At necropsj^ an adenocarcinoma of the rectum was found with widespread 
lymphangitic metastases to the lungs without any histologic evidence of intra- 
vascular changes in the pulmonary vessels 


COMMENT 

Pathology — Of the foui cases of cat cinomatous lymphangitis of the 
lungs, only one (case 4) confoims with the picture of puie lymphatic 
dissemination stiessed by the Fiench authois In this case the mediastinal 
lymph nodes weie gieatly enlaiged by metastases from a caicinoma of 
the sigmoid Theie was a diffuse involvement of the lymphatic vessels 
of the lungs which gieatly compiessed not only the alveoli but also the 
bionchioles, the medium-sized and smaller arteiies and the arterioles No 
endaiteritic changes weie noted in any of the vessels m this case 

In three of the foui cases the piesence of tumor cells m the peri- 
vasculai l}mphatics had called foith a marked increase m adventitial 
connective tissue as well as an intimal hypeiplasia m many of the smaller 
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arteiies and arteiioles Vaiying degrees of arteiial obliteration weie 
pioduced, often with complete closuie of the lumen This was especiall) 
conspicuous as widespread lesions in cases 1 and 2 , and less widespread 
lesions 111 case 3 

It IS perhaps more than a coincidence that the pi unary neoplasm in 
these three cases with vasculai changes was a scirrhous caicinoma of 
the stomach In some of the smaller aiteries the intimal lesponse might 
be ascribed to the invasion of the adventitia and a partial destiuction of 
the media by scnrhous carcinoma In othei arterioles and small arteries, 
even after seiial sections had been made, no such invasion was found 
It is suggested that the presence of the carcinoma cells in the sun oiindmg 
tissue exerted some stimulus which resulted in intimal hyperplasia and 
narrowing or occlusion of the vessels This was suggested by the obser- 
vation of a more oi less marked inflammatory reaction around and m the 
outer wall of the vessels 

In routine micioscopic examination of lungs showing lymphatic 
metastases from carcinomas of other abdominal organs, we have noted 
focal endarteritic changes m several instances, the affected vessels being 
suriounded by lymphatic vessels containing carcinoma cells 

An additional cause for the narrowing of the pulmonary arteiial bed 
was seen in the apposition of a platelet thrombus on the hj'peiplastic 
intima This thrombo-endarteritic process eventually resulted in either 
partial or total obhteiation of the vessel Often an eccentiic lumen oi 
one or more recanahzations were encountered (fig 1) 

Occasionally an embolus of carcinoma cells was found within a small 
aitery or an arteriole in which varying degrees of obliterative endarteritis 
was present (fig 3) This phenomenon was most marked in case 3 
However, in all three cases the obliterating endarteritis was mainly the 
result of the perivascular carcinomatous lymphangitis and not, as M B 
Schmidt believed, principally the result of multiple cai cinomatous emboli 
within the pulmonary arteries 

In sharp contrast to the fate of the carcinoma emboli m 
the arterioles and smaller arteries suriounded by lymphatic car- 
cinosis is the end-result of carcinomatous emboli within the 
larger pulmonary arteries In the larger pulmonary arteries a 
carcinoma embolus undergoes organization without inducing appre- 
ciable intimal damage and eventually becomes covered by endo- 
thelium Such a sequence of events was recently observed in a case in 
which a primary carcinoma of the liver gi ew into the hepatic veins and 
resulted in the discharge of carcinoma cell emboli into the larger and 
medium-sized arteries Microscopically, the deposition of the carcinoma 
emboli seemed to have caused no intimal damage in the vessels containing 
the emboli The surface of the embolus (fig 4) was lined by endothelium 
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and piesented the usual changes characteristic of an oi dinar) pulmonan 
embolus undei going organization Anothei case serves to emphasize the 
difference between the end-results of emboli in largei aiteiies and in 
arteiioles In this case focal carcinoma cell emboli in the pulmonan 
arteries lesulted from involvement of the hepatic -veins by a caicinoina 
of the gallbladdei The intima of the large arteries which contained 
emboli showed no change although the perivascular lymphatics of the 
vessels contained tumor cells In arterioles which contained caicinoma 
emboli and which were surrounded b)- lymphatic metastases, a t)pical 
obliterative endarteiitis was regulaily piesent 

Clinical Cliai actei istics — Cases 1 and 2 piesented a striking pictuie 
of progiessive dyspnea, cyanosis and finally right ventriculai cardiac 
failure In the second case the inci easing tachypnea, the deepening 
cyanosis with piogressive enlargement of the liver and the geneialized 
edema in the absence of diagnostic pulmonaiy or cardiac findings made 
the diagnosis difficult 

Case 3 revealed no clinical featuies indicative of the undei 1) mg pul- 
monaiy disease In this case the inci easing constipation with piogiessive 
loss of weight and weakness dominated the clinical pictuie 

In case 4 the piesence of tachypnea with disparagingly few pulmonai) 
signs and the presence of a caicinoma of the sigmoid piompted the 
diagnosis of caicmomatous l 3 nnphangitis secondary to a colonic neoplasm 
In this case dyspnea was piobably the direct result of the mechanical 
compression which not only diminished the available alveolai lespirator) 
aiea but also nan owed the pulmonaiy cii dilation, theieby embaiiassing 
the oxygen suppl) of the patient 

It IS diagnostically impoitant to beai in mind that when a clinical 
pictuie is presented of right ventriculai failuie wnthout obvious cause 
and ivithout an) conspicuously abnoinial physical signs m the lungs, the 
suspicion of carcinomatous lymphangitis of the lungs should be entei- 
tained, a fact that was pointed out b) Tioisiei Since neoplasms of any 
of the abdominal oigans may give rise to pulmonaiy metastases, it is 
leasonable to expect that they may cause light ventricular failuie 
Excluding pi unary caicinoma of the bionchus, which usually gives con- 
spicuous signs and S)mptoms m the lespiratory tract, caicinoma of the 
stomach is (in oui experience) the most frequent cause of carcinoma- 
tous lymphangitis of the lungs and arteiiolai occlusions 

D 3 ^spnea and C3'’anosis aie the two most constant clinical featuies of 
failure of the light ventiicle, and in the first two cases failuie of the 
right side of the heait is clearly the result of the progressive obliteration 
of the pulmonai)' aitenoles and the smaller aiteries Dunn^^ has pio- 

14 Dunn, J S The EiTects of Multiple Embolism of Pulmonary Arterioles, 
Quart J Med 13 129 (Jan) 1920 
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(liiced multiple embolisms of the pulmonaiy arterioles experimentally 
by intiavenous injection of granules of starch He found that with a 
degiee of embolism insufficient to produce death there was a great 
incicase in the fiequency and a diminution m the depth of respiiation 
(rapid shallow breathing) 

The inteipretation of the clinical findings is greatly aided by icentgen 
examination of the lungs In cases 1 and 4 the piesence of numerous 
stieaks radiating from an enlarged hilai shadow made the pulmonaiy 
fields appear mottled and suggested the diagnosis of carcinomatous 
lymphangitis Assmann and Wessler must be credited with having 
pointed out that this roentgenologic picture is suggestive of pulmonaiy 
cai cmomatous lymphangitis 

SUMMARY 

Foul cases of carcinomatous lymphangitis are described Thiee 
weie secondaiy to scirihous adenocarcinoma of the stomach and one to 
adenocaicinoma of the sigmoid In all four, the physical signs of the 
pulmonaiy involvement were inconspicuous and yet the clinical picture 
was chai acterized by an initial cough and by rapidly increasing 
dyspnea and deepening cyanosis Two of the four patients died with 
evidences of lapidly piogressive failure of the right side of the heait 
The loentgen diagnosis of cat cmomatous lymphangitis of the lungs 
was confirmed by neciopsy in two cases In the thiee cases of scirrhous 
adenocaicinoma of the stomach, autopsy revealed a widespread oblitera- 
tive endaiteritis of the smaller pulmonary A^essels In two of these cases 
the vasculai changes were sufficiently extensive to explain the failure 
of the right side of the heait 

This obliterative eiidaiteiitis is due mainly to the influence of the 
plugging of the neighboimg perivasculai lymphatic channels by caici- 
noma, so-called cai cmomatous lymphangitis The vascular occlusions 
lesult to a minoi degree fiom caicmoma cell emboli which have entered 
the pulmonaiy ciiculation via the thoiacic duct and the superior vena 
cava A few carcinoma cell emboli were found which had accumulated 
blood platelet thiombi m then passage thiough the blood stream and 
subsequently had undeigone lapid organization after they had come to 
lodge 111 small branches of the pulmonai}^ aiteiies 

15 Assmann, H Klinisclie Roentgendiagnostik der mneren Erkrankungen, 
cd 3, Leipzig, F C W Vogel, 1924, p 314 

16 Wessler, H Personal communication 

17 Since tins presentation was made before the Pathological Society in May 
1933 two other similar cases have been obser\ed, one w^as observed through the 
couitcsj of Dr W Antopol, pathologist to the Bayonne Hospital, Bayonne, N J 
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CONCLUSIONS 

1 Foul cases of caicinomatous lymphangitis of the lung aie 
reported, thiee secondary to scirrhous carcinoma of the stomach and 
one secondary to an adenocarcinoma of the sigmoid 

2 The foui cases piesented all oi part of the pulmonaiy symptoms 
of cough, tachypnea and cyanosis with inconspicuous physical signs in 
the lungs 

3 The thiee cases secondary to scnrhous carcinoma of the stomach 
presented diffuse obliterative endarteritis of many pulmonary aiteiioles 
and small arteries 

4 The widespiead obliterative endaiteritis of the lung was due 
chiefly to the influence of the cai cinomatous lymphangitis of the neigh- 
boring peiivascular tymphatics, raiely to caicinoma cell emboli 

5 In two of the cases light ventricular caidiac failure was the 
direct result of the diffuse obliterative endaiteiitis of the pulmonary 
vessels 

6 In cases of right ventricular caidiac failuie piesenting no signifi- 
cant pulmonary oi cardiac findings, the possibility of a diffuse secondaiy 
carcinomatous tymphangitis of the lungs with accompanying obliterative 
endaiteritis of the pulmonaiy vessels should be consideied 



ACUTE ESSENTIAL HYPERTENSION PRECIPI- 
TATED BY MEDIASTINAL ABSCESS 
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MINNEAPOLIS 

While mediastinal abscess following tiauma probably occurs infie- 
C|uently enough to justify an individual leport, the case undei consider- 
ation challenges particular attention because of an associated acute 
aiteiial hypertension Not only did hypei tension of pionounced 
intensity of both systolic and diastolic phases develop directly and 
coincidentally with the piocess, but there was a giadual fall to normal 
limits as healing occmied No similar instance was found in a lathei 
extensive search thiough the medical literature The implications as to 
the theory of the etiology of essential oi nonrenal hypertension stimulate 
the imagination, although admittedly an acceptable rationalization may 
elude us at this time 


REPORT OF A CASE 

Histoiy — A man, single, aged 21, a student and a member of the football squad, 
was admitted to the University Hospital on Friday, Sept 23, 1932, with a com- 
plaint of pain in the chest, a chilly sensation and fever The pam followed an 
injury sustained m football practice two days previously The patient did not 
know or remember the incident of the injury, simply that at some time in the 
afternoon while in scrimmage his chest had been hurt There had been no extreme 
pain, and he had indulged in three or four other scrimmages before being admitted 
to the hospital The patient had been feverish since the injurjq with chilly sensa- 
tions during the second night 

His past history and that of his family were unimportant A complete routine 
physical examination before the present illness revealed a displaced nasal septum 
due to a football injury, slight dental caries, tonsillar tags, varicocele on the left 
side and hemorrhoids Urinalysis showed no albumin or sugar The reaction to 
the Mantoux test was negative The blood pressure five days before injury was 
124 systolic and 86 mm of mercury diastolic Examination one year previously had 
shown a blood pressure of 128 systolic and 84 mm of mercury diastolic 

Examination— On entrance, the temperature was 103 F, the pulse rate, 104, 
and the respiratory rate, 28 The pharynx was injected There was tender- 
ness over the entire sternum No abnormal physical signs in the chest were 
noted , the breathing, however, was restricted bilaterally Roentgenograms showed 

From the Students’ Health Service and the Department of Surgerjq University 
of Minnesota 



646 


ARCHIVES OF INTERNAL MEDICINE 


a linear fracture of the sternum without displacement 3 cm below the manubno- 
sternal juncture The lungs were normal 

Cowse — On the fourth daj' of continued high temperature, increased cough and 
sputum were noted On the sixth day, slight cyanosis, an increased respiratory 
rate, fever and blood-tinged sputum, together with dulness and suppression of 
breath sounds and increased tactile fremitus above the right base posteriorly indi- 
cated pneumonia There was moderate edema above the sternum A roentgeno- 
gram showed infiltration above the right side of the diaphragm suggestive of a 
bronchopneumonia The leukocyte count had increased from 8,000 to 13,500 
Pneumococcus type A was recovered from the sputum On the seventh day, 
increased swelling over the sternum was noted On the ninth day, the temperature 
was lower and the general condition was satisfactory On the tenth day, how- 
ever, the patient appeared to be more prostrated and was extremely ill with 



Fig 1 — Roentgenogram of chest on tenth day of illness This shows espe- 
cially the widening of the mediastinum 

marked edema of the entire upper part of the anterior chest wall The posterior 
part of the left pulmonary field showed impairment of resonance and diminished 
breath sounds The heart tones were somewhat diminished A pleuropericardial 
friction rub was heard along the left cardiac border, but no to and fro friction was 
noted It was recognized that bronchopneumonia alone could not account for the 
clinical picture Emphasis was placed on the significance of the edema of the 
sternum and upper part of the anterior thoracic wall, and mediastimtis was recorded 
as a probable diagnostic consideration A roentgenogram taken on the tenth day 
of the illness (fig 1) revealed a decided change, interpreted as probably broncho- 
pneumonia with possible fluid on the left side and marked widening of the 
mediastinum The leukocyte count had increased to 21,800 A second blood cul- 
ture was reported negative On the eleventh day, there was continued marked 
prostration wnth increased cyanosis Continued emphasis was placed on the edema 
of the upper part of the anterior thoracic wall which was considered to be of 
intrathoracic origin The point of maximum cardiac impulse was forceful and 
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was noted 4 cm beyond the nipple line No pericardial or pleural friction rub 
was heard The systolic blood pressure was 142 mm , the diastolic pressure 
was not recorded 

On the twelfth day, the patient was more prostrated, the pulse rate had 
increased to 120, but the temperature was reduced to 99 8 F This remarkable 
spread in the temperature and pulse (fig 2) was coincidental with a decided 
increase m the systolic blood pressure to 194, indicating that a definite change 
in the control of the vasomotor function had occurred The respiratory rate 
remained elevated between 36 and 40 when the patient was in an oxygen tent 

A remarkable physical finding which had appeared overnight, noted by one of 
us (C A McK ), was the presence of a fluctuating mass about 5 cm in diameter 
situated above and to the left of the midsternum This mass definitely varied in 
size with respiration, increasing with expiration and decreasing with inspiration, 
showing its intrathoracic origin The cardiac impulse was transmitted through 
the mass, although there was no expansile pulsation The edema of the surrounding 
tissues had not increased 

A roentgenogram taken immediately after the discovery of the fluctuating mass 
was interpreted as showing extensive pneumonia or pleural effusion on the right 
side, resolving pneumonia on the left side and distinct narrowing of the medi- 
astinal shadow as compared to the examination two days previously This film 
does not lend itself satisfactorily for purposes of publication 

It now seems probable that the narrowing of the mediastinal shadow was due 
to the rupture of the mediastinal abscess into the anterior part of the thoracic wall 
and also into the right pleural cavity The latter event is only conjecture, although 
injection of an opaque medium later showed a connection between the mediastinum 
and an anterior empyema pocket 

A diagnosis of abscess of the anterior mediastinum pointing through the sternum 
was made, with which Dr S Marx White and Dr T J Kmsella, as consultants, 
concurred Within five hours after its appearance and recognition, the abscess 
was drained through a left upper parasternal incision by one of us (T J K ), 
and 400 cc of thin purulent material was obtained The pus escaped from the 
mediastinum through the fractured sternum, the edges of which were separated 
about 5 mm , and through a defect produced by the traumatic separation of the 
left third costal cartilage from the sternum No accessory pockets were found m 
the mediastinum, but a left subpectoral pocket was opened and drained Culture 
from the pus revealed both streptococci and staphylococci An airtight dressing 
sealed with strips of adhesive tape was applied to prevent respiratory embarrass- 
ment from the sucking mediastinal wound This was later replaced by a metal 
cage moulded to the contour of the thoracic wall and sealed to the skin, in which 
a constant negative pressure of from 10 to 15 cm of water was maintained by 
means of a suction pump A removable cap permitted change of dressing without 
disturbing the skin seal 

A blood culture taken the day following drainage was positive for staphylococci 
The leukocj-te count had increased to 30,000 Roentgenograms showed a homo- 
geneous density on the right and numerous areas of density on the left, and sug- 
gested an extensive pneumonia On the second day following drainage, or the 
fourteenth day of the illness, the blood culture showed staphylococci on both broth 
and plate, and the wound smear and sputum showed a pure culture of the same 
organisms Blood cultures on the fifteenth and sixteenth days showed fewer 
colonies, not more than six on a plate, and on the seventeenth and eighteenth days, 
no growth On the twentieth day, the leukocyte count had fallen to 21,800 and 
on the twenty-seventh day, to 9,850 ’ ’ 
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Follo\Mng development and drainage of the abscess, the temperature remained 
lower, but the pulse rate was accelerated, and the rate of respiration increased 
Dj'spnea was pronounced Cj'anosis was moderate, and the patient’s comfort was 
enhanced by the ox 3 "gen tent The blood pressure remained elevated On the 
fifteenth day, another wave of increased temperature occurred On the sixteenth 
day, however, the pulse rate was slower and there was definite improvement in 
the patient’s general condition, with less labored breathing There were no 
petechiae noted m the skin On the seventeenth day, a small vesicular rash 
appeared at points of irritation on the skin, described as miliaria by a dermatolo- 
gist, the leukocyte count reached 37,000 MacNeal bacteriophage (asparagine 
medium) was given intravenously at the suggestion of Dr Diehl, director of the 
Students’ Health Service, after his careful study of its specificity for the organism 
involved Bacteriophage (veal broth mediums prepared by Dr W P Larson) 
w'as dropped into the mediastinal wound four times daily On the nineteenth day, 
general improvement was noted Because of suggested signs of fluid at the base 
of the right lung, aspiration was attempted on the twentieth day, but no fluid was 
found The temperature assumed a lower level (maximum, below 100 F ) , and the 
general condition remained satisfactory On the twenty-first day, a roentgenogram 
showed considerable clearing of the shadows on both the right and the left side 
By the twenty-seventh day a roentgenogram showed evidence of pleural effusion 
on the right side, although there was no change m the patient’s general condition 
On October 18, thoracentesis was performed and 60 cc of thin pus was obtained 
posteriorly from the right pleural cavity The temperature at this time varied 
from normal to 99 6 F , and the pulse rate from 90 to 100 There were no chills 
Roentgenograms after injection of an lopax derivative into the mediastinal wound 
showed a connection between this area and an anterior empyema pocket which 
may have allowed drainage of the empyema and accounted for its relatively benign 
character 

Aspiration of the empyema cavity was performed at intervals of from three 
or four days, and asparagine medium bacteriophage was injected at the times of 
aspiration Streptococci and staphylococci were cultured in the empyema fluid 
On November 1, a closed catheter drainage was done under ethylene anesthesia 
At this time, the mediastinal wound was practically closed, although light drainage 
was still present Crepitus was still present at the site of the fracture and a 
roentgenogram of the site of the fracture showed considerable destruction with, 
however some new bone formation 

The empyema cavitv was irrigated with a surgical solution of chlorinated soda 
thereafter at two hour intervals The general condition was good , the temperature 
was 996 F, the pulse rate, from 100 to 110, and the respiratory rate, 24 On 
Dec 5, 1932, the patient was discharged from the hospital with the drainage tube 
in place Irrigation with solution of chlorinated soda was continued On Feb 11, 
1933, the tube was removed after repeated cultures of the serous material obtained 
had shown no growth and the cavity held less than one ounce of it The medi- 
astinal wound was entirely healed The blood pressure on numerous occasions was 
never more than 126 mm sy^stolic Figure 2 shows a composite record for 
the first part of the illness 

The empyema cavitv refilled, however, and after several aspirations a sub- 
periosteal resection of portions of the eighth and ninth ribs on the right side was 
done March IS, 1933, under local infiltration with 1 per cent procaine and epi- 
nephrine, and ethylene anesthesia The blood pressure, which at the onset of the 
operation was 130 svstolic and 70 diastolic, rose ten minutes later to 200 systolic 
and 90 diastolic, and fluctuated from 160 svstolic and 80 diastolic to 170 systolic 



McKlNLAY ET AL— HYPERTENSION 


649 


and 60 diastolic at the close of the operation The subsequent course was quite 
satisfactory Irrigation with the solution of chlorinated soda was continued, and 
the cavity graduall} decreased in size, as shown by injections of iodized oil, until 
It was entirely obliterated The tube was removed Sept 1, 1933 The medi- 
astinal wound was likewise well healed, and a roentgenogram of the fracture 
showed firm union, with good callus There had been considerable loss of weight, 
and muscular atrophy was quite evndent, especially on the right side of the chest 
With the resumption of the patient’s normal activities, including football and 
basketball, there was return to normal of both body weight and muscular devel- 
opment 

The e 3 ^egrounds were considered normal on several examinations The blood 
pressure m the lower extremities approximated that in the upper Pressure over 
the sinus caroticus caused no appreciable alteration in the pulse rate 

Special atttention was paid to renal function on account of hypertension, but 
at no time was there any evidence of nephritis The urine was free from albumin 



Fig 2 — Composite chart of temperature, pulse rate, respiratory rate and blood 
pressure Blood pressure had returned to normal on the seventy-fifth day of 
illness 

on seven of eight examinations, and at the time of the one exception, which 
occurred at the height of the fever and the pneumonic process, it contained only 
a light cloud The specific gravity ranged from 1 017 to 1 030, and the sediment 
was entirely free from red blood cells and casts The phenolsulphonphthalein test 
on the twenty-seventh day showed elimination of 68 per cent m two hours The 
blood urea nitrogen on the thirteenth da}^ at the height of the pneumonic process, 
was SO mg , but four days later it was checked at 28 9 

The possibility that this case might represent a potential case of hypertension 
or a prehypertensive stage was considered In accordance with the recent work 
of Hines and Brown, i the vasomotor reaction after immersion of the hand in 
ice-vv'ater was obtained Readings well within the normal response were found 

1 Hines, E A, Jr, and Brown, G E Standard Test for Measuring A^-ana- 
bihty of Blood Pressure, Its Significance as Index of Prehypertensive State 
Ann Int Aled 7 209 (Aug) 1933 
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The familial aspect of hypertension was investigated The father and mother 
were each in good health The blood pressure of the father (aged 53) was 160 
systolic and 100 diastolic, the mother (aged 46) gave readings of 134 systolic and 
80 diastolic 

COMMENT 

Mediastinal abscess itself is raie While it is not within the scope 
of this article to attempt a complete survey of leports of its occurrence, 
It may be mentioned that as long ago as Galen’s time, mediastinal abscess 
was recognized, and this author recorded a case following tiauma 
Hare - collected a series of 115 cases of mediastinal abscess Dun- 
ham ® noted in the army records of 3,889 nontraumatic cases of empyema, 
67 instances of acute mediastinal infection in 531 neciopsies It ina}' 
be noted that simple nonsuppurative mediastinitis is usually a complica- 
tion of some nearby inflammatory disease, such as pericarditis, pleurisy 
or pneumonia Gaaide‘‘ called attention to the frequency with whicli 
suppurative mediastinitis or empyema was found post mortem in pneu- 
monia complicating the influenza epidemic of 1918 and 1919 The chief 
diagnostic sign that he noted was substernal pain He noted also that 
abscess was much less likely to give pressure symptoms than a solid 
tumor Other causes noted by him were ( 1 ) trauma, especially punc- 
ture wounds, perforation of the esophagus due to ulceration caused by a 
malignant condition, corrosive poisoning or instrumentation and descend- 
ing infections of the neck, such as Ludwig’s angina or retropharyngeal 
abscess, (2) direct extension of Pott’ disease, and also extension second- 
dary to tuberculosis of the rib or cartilage Graham ° mentioned as a 
cause ruptuie of the mediastinal glands and, rarely, empyema He mem- 
tioned edema of the upper part of the chest and swollen veins as impor- 
tant diagnostic signs , likewise, that involvement of the vagus may cause 
disturbance of the cardiac rhythm, gastric symptoms and vomiting 
Giaham also considered that the diagnosis of acute mediastinitis is often 
extremely difficult and can be made only when abscess is present, and 
that acute inflammation of the mediastinum should always be regarded as 
a very serious condition with a grave prognosis Blankenhorn ® stated that 
acute infectious processes of the mediastinum are usually traumatic and, 

2 Hare, H A The Pathology, Clinical Histor 3 ' and Diagnosis of Affections 
of the Mediastinum Other Than Those of the Heart and Aorta, Philadelphia, 
P Blakiston’s Son & Co, 1889 

3 Dunham, E K Infection in Mediastinum in Fulminating Empyema, Surg , 
Gvnec & Obst 35 288 (Sept ) 1922 

4 Gaarde, F W , in Blumer, George Bedside Diagnosis, Philadelphia, 
W B Saunders Company, 1928, vol 2, p 263 

5 Graham, E A Surgical Diagnosis, Philadelphia, W B Saunders Com- 
panj, 1930, vol 3, p 163 

6 Blankenhorn, M A, in Nelson Loose-Leaf Living Medicine, New York, 
Thomas Nelson & Sons, 1931, vol 3, p 571 
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if not promptly fatal, lead to formation of abscesses The medical 
aspects of acute mediastinitis are seen m the profound disturbance of 
the pulse rate, and occasionally of respiration, as a result of vagus and 
phrenic neuritis 

McLester'^ stated that mediastimtis occurs, in oidei of fiequency, 
by extension, metastasis oi trauma, and that it occasionally occuis aftei 
fracture of the sternum The prognosis is grave but not hopeless, 
depending on prompt recognition and suigical intervention In this 
connection, Woodroffe ® reported 2 cases of tiaumatic mediastinal 
abscess m soldiers, with recoveiy He was unable to find a leport of a 
single case in the British aimy during wai 

Laiyngeal symptoms from pressure on the vagus and lecurrent 
nerves are referred to occasionally as dominating the picture in medi- 
astmitis In 1875, Johnson ^ stated that either bilateral spasm or palsy 
of the laiynx may follow Lemon reported 23 cases with lesions 
affecting the vagus nerve from the jugulai foramen to the arch of the 
aorta chiefly, with symptoms from involvement of the lecurrent laryn- 
geal nerve Togethei with Doyle, he noted that m 26 cases of Hodg- 
kin’s disease with mediastinal involvement, the recurient laryngeal, 
vagus and sympathetic nerves escaped direct piessure No changes in 
blood pressure were lecorded Gaarde,^^ at the Mayo Clinic, kindly 
reviewed the blood pressure readings in 64 cases of mediastinal affec- 
tions, chiefly tumor Only 2 cases of mediastinal abscess were observed, 
both with normal readings Mediastinitis in 11 othei cases was asso- 
ciated once with hypei tension Gaarde is under the impiession that the 
total incidence of hypertension in the whole group was no gieatei than 
might be expected in any similar age group 

In the absence of special notations as to blood pressure in mediastinal 
conditions in the available descriptions, it was of mteiest to note that 
Villaiet and his co-woikers, in 1926, reported in a case of hmphosai- 

7 McLester, J S , in Christian, H A Oxford Medicine, New York, Oxford 
University Press, 1932, vol 2, p 197 

8 Woodroffe, H L W Mediastinal Abscess, Dublin J M Sc 14,6 1 
(July) 1918 

9 Johnson, George On the Laryngeal Symptoms Which Result from the 
Pressure of Aneurismal and Other Tumours on the Vagus and Recurrent Nerves 
Med -Chir Tr , London 58 29, 1875 

10 Lemon, W S Lesions Affecting Vagus Nerve, M Clin North America 
7 293 (July) 1923 

1 1 Lemon, W S , and Doyle, J B Clinical Observations of Hodgkin’s 
Disease, with Special Reference to Mediastinal Involvement, Am T M Sc 162i 
516 (Oct ) 1921 

12 Gaarde, F W Personal communication to the authors 

13 Villaret, M , and others Paroxysmal Attacks of Hypertension in Course 

of a Lymphosarcoma of Superior Mediastinum, Bull et mem Soc med d hon de 
Pans 50 1215 (July 9) 1926 ^ 
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coma of the supenoi mediastinum, parox}smal hypertensne ciises and 
also paroxysmal dyspnea The mam featuie m this fatal case of Ijmpho- 
sarcoma in a woman, aged 75, was the occurrence of paioxysmal hypei- 
tensive attacks synchronous with severe crises of dyspnea with stridor 
of from one-half to one hour’s duiation Necropsy revealed lympho- 
saicoma in the supeiior mediastinum involving the light vagus neive 
with pressure m three areas, as shown by careful dissection The 
authors considered that vagotonia existed because of slowing of the 
pulse rate from 110 to 60, and because ati opine i educed the dyspnea 
without much influence on the blood piessuie They considered as 
incontestable tbe existence of the transitory hypei tensive attacks through 
mediastinal nutation of the vagus They noted no similar reference 
except that of Haiviei and Bariety,^"* who reported in a case of caici- 
noma of the esophagus parox)fsmal attacks of loud mspiiatoi}' dyspnea 
associated with arterial hypertension 

Speculation as to the physiologic factois should be briefly consideied 
111 view of the increased knowledge of the depressor or aoitic nerve, 
with its leceptors in the aortic wall, which transmit impulses that reflexly 
legulate blood pressure, heart rate and supiarenal secietion Heiing^'’ 
show^ed that in the rabbit the depressor nerve runs separately, and its 
excision is followed by a persistent elevation of blood pressure Star- 
ling stated that the depressor nerve in the i abbit is vagus m origin, one 
loot arising fiom the trunk of the vagus and the othei from the 
supenoi laiyngeal bianch of the vagus In the dog, the depiessor nerve 
luns in the vagus tiunk, together with the sympathetic nerve, foi the 
gieatei part of its course The sinus nerves, likewise, accoiding to 
Hei ing and Koch,^’ exhibit a tonic inhibitory influence on tbe circu- 
lation Section of the neives causes pressoi efifects Duncan,^® after 
anatomic study m man, pointed out that a neive lesemblmg the isolated 
depressor in the rabbit is rarely found Braeucker concluded from 
his own work and fiom that of Jonnesco and lonescu that depressor 

14 Harvier, P , and Banety, M Laryngeal Crises with Cancer of Esophagus, 
Bull et mem Soc med d hop de Pans 49 176 (Feb 6) 1925 

15 Hermg H E Die klmische Bedeutung der Carotissmusreflexe, Klin 
Wchnschr 6 232 (Jan 29) 1927 

16 Starling, E H Principles of Human Physiology, edited and revised by 
C L Evans and H Hartridge, ed 5, Philadelphia, Lea & Febiger, 1930 

17 Koch, E Die reflektorische Selbsteuerung des Kreislaufes, m Kisch, 
Bruno Ergebnisse der Kreislaufforschung, Dresden, Theodore Steinkopff, 1931, 
\ol 1 

18 Duncan, D Anatomy of Depressor Nerve in Man, Arch Neurol &. Psy- 
chiat 21 1010 (May) 1929 

19 Braeucker, W Der Brustteil des vegetativen Nervensj^stems und seine 
khnisch chirurgische Bedeutung, Beitr z Khn d Tuberk 66 1, 1927 

20 Joimesco, Theodore, and lonescu, D Experimentelle Untersuchungen, 
Ztschr f d ges exper Med 48 490 1926 
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fibers exist in man in two caidiac branches of the sympathetic system 
and 111 more than one cardiac branch of the vagus S Wiight/^ in a 
summaiy, stated that late evidence is against the emergency-epinephi me- 
secietion theory of Cannon, and favoied that of Tournade,"-* whose 
experiment consisted of drawing blood from the supraienal vein of a 
normal animal into the jugulai vein of an animal after supi ai enalectomy 
In the lecipient, this caused the blood pressure to rise, the aitenes to 
constrict and the rate of the heart to increase Tournade et al also 
showed that this mechanism assisted in steadily maintaining blood pres- 
suie, foi if the blood piessure is lowered in the donoi by hemoirhage, 
the secretion of epinephrine is increased Heymans,-"^ in 1929, found 
that the secretion of epinephi me is reflexly conti oiled by the aortic and the 
sinus nerves Houssay and Mohnelh,-® 1924, showed that the vagus nerve 
also contains afferent fibers which can increase the secietion Wright-^ 
stated that these experiments piove convincingly that secretion of epi- 
nephi me IS leflexly adjusted by means of the aortic and sinus nerves, 
and that neithei the glandular nor the bulbar centers are acted on 
directly by the level of the blood pressure At rest, the aoitic and sinus 
neives seem to exert in the mam a tonic inhibitoiy influence over the 
activity of the supiaienal glands Nathanson’s obseivation that 
minute doses of epinephi me administered subcutaneously lelease the 
heart from the depiessoi effect of the stimulation of the sinus caioticus 
should be mentioned 

In the rabbit, aftei excision of the depiessoi neive with resultant 
peisistent hj-pertension, ceitam pathologic changes, such as thinning of 
the media and thickening of the intima in the aorta by piohferation, 
and sclerosis of the pulmonaiy vessels have been desciibed Hermg 
pointed out that these arterial changes resemble those occurring aftei 
injection of epinephrine, and he was inclined to attribute them, and also 
the hypei tension, m part, to the hyperadrenalinemia following division 
of the buffer neives AViight^^ laised the question as to what extent 
h)' pel tension and aiteiiosclerosis in man may be attributed to the loss 
of affeient conti ol of the bulbai centeis 

21 Wright, S Lecture on Recent Work on Afferent Control of Circulation 
in Health and Disease, Bnt M J 1 457 (March 12) 1932 

22 Cannon, W B Bodily Changes in Pam, Hunger, Fear, and Rage, New 
York, D Appleton and Company, 1915 

23 Tournade, A , and Chabrol, M Proof of Reflex Secretion of Epinephrine, 
Compt rend Soc de biol 82, 418 (Feb 20) 1925 

24 Heymans, C Le sinus carotidien isole et perfuse, zone refiexogene regu- 
latrice de radrenalinosecretion, Compt rend Soc de biol 100 199 (Jan 25) 1929 

25 Houssay, B A , and Molinelli, E A Reflex Secretion of Epinephrine 
Compt rend Soc de biol 81 1056 (Nov 14) 1924 

26 Nathanson, M H Effect of Drugs on Cardiac Standstill Induced by 
Pressure on the Carotid Sinus, Arch Int Med 51 387 (March) 1933 
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While the connection is remote, the interesting cases of tumor of 
the suprarenal gland with hypei tension should be mentioned Fishberg 
and Oppenheimer,-' m 1924, levieued 15 leported cases of chronic non- 
nephritic hypertension associated with anatomically demonstrable lesions 
of the suprarenal glands Rogers reported a case of ganglioneuroma 
of the suprarenal medulla and postulated imbalance of the vegetative 
nervous system because of paroxysms of hypertension, disturbance of 
the carbohydrate metabolism in the absence of a pancreatic lesion, eleva- 
tion of the basal metabolic rate and gastric disturbances In addition, 
it IS known that stimulation of the hypothalamus may produce a rise in 
the blood pressuie and secretion of epinephrine Penfield,^® 1929, 
described a case of thalamic tumor involving the mesial nuclei in which 
there were attacks of hypertension 

Physiologically, asphyxia and an excess of carbon dioxide affects 
the vasomotor centei , producing a rise in blood pressure The asphyxia 
of carbon monoxide poisoning may produce a rise m blood pressure 
Pain or any stimulation of a sensory nerve may cause an acute hyper- 
tension However, the hypertension noted m this case persisted for a 
greater length of time than any of the possibilities just mentioned, even 
though they had been operative Likewise, the cyanosis seen in uncom- 
plicated cases of lobar pneumonia, which may be interpreted as mean- 
ing at least a degree of oxygen deficiency and excess of carbon dioxide, 
IS seldom associated with hypertension In this case, the blood pressure 
remained elevated after cyanosis had disappeared Dr E T Bell,®° 
of the department of pathology of the University of Minnesota, sug- 
gested the possibility of involvement of a depressor nerve Dr F H 
Scott,®^ of the department of physiology at the University of Minnesota, 
considered that involvement of a depressor nerve was possible, but he 
was inclined to ascribe the effect to mechanical factors 

In view of these physiologic considerations, it appears that this case 
of hypertension, developing coincidentally with mediastinal abscess, has 
important implications While the effect of the vagus m slowing 
the heart rate was not apparent, the development of hypertension with 
tachycardia exactly coincident with the development of mediastinitis and 
mediastinal abscess, and leceding following surgical drainage as the 
process healed suggested, m the absence of renal or other causes, a pro- 

27 Fishberg, A M , and Oppenheimer, B S Association of Hypertension 
with Suprarenal Tumors, Arch Int Med 34 , 631 (Nov ) 1924 

28 Rogers, E Paroxysmal Hypertension Associated with Ganglioneuroma 
of Suprarenal Medulla, Am Heart J 8 269 (Dec ) 1932 

29 Penfield, W Diencephalic Autonomic Epilepsy, Arch Neurol & Psychiat 
^ 358 (Aug ) 1929 

30 Bell, E T Personal communication to the authors 

31 Scott, F H Personal communication to the authors 
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found change m the vasomotor regulatoiy mechanism In view of the 
lesion which, according to Braeucker,"® anatomically could have involved 
the course of the afferent aortic nerves, a rational explanation on con- 
sideration of physiologic and pathologic data may be postulated These 
data consist of the established impoitance of the afferent buffer or 
depressor nerves which assist in maintaining normal blood pressure 
through tonic inhibitory influence on the bulbar centers through con- 
trol, in part, of suprarenal secretion Its proved involvement m one 
case^^ of neoplasm was associated with transient attacks of dyspnea 
and hypertension In another case of carcinoma of the eosphagus, 
involvement of the recurrent nerves was associated with similar tiansient 
attacks of hypertension and dyspnea 

It appears, therefore, entirely possible that fibers of the afferent 
buffer mechanism were directly involved in the aiea of the suppurative 
mediastimtis If new conceptions of the mode of action of the depiessor 
nerves aie considered, the ph}'Siologic mechanism includes the increase 
in secretion of epinephrine 

SUMMARY AND CONCLUSIONS 

A case is reported in which, following fracture of the sternum, pneu- 
monia, mediastimtis and mediastinal abscess developed and were recog- 
nized in sequence Coincident with suppurative mediastimtis and pointing 
of abscess through the line of fracture to the subcutaneous tissues, 
an acute hypertension developed This was not associated with renal 
or othei previously recognized or lecorded provocation Simultaneous 
elevation of the pulse rate m the presence of lower temperature indi- 
cated a profound alteration m the vasomotor legulatory mechanism 
In view of the unique nature of this case, speculation as to the 
etiology was in order On the basis of physiologic considerations and 
anatomic lelations, the possibility is here suggested that the mediastimtis 
and abscess involved the depressor neives, approximating the effect of 
a total resection with the resultant hypertension seen in experimental 
animals Mechanical effects cannot be ruled out as a cause, although in 
the literature reviewed, mediastinal neoplasms causing decided pressure 
weie not found to precipitate hypertension, except m one instance of 
neoplastic involvement of the light vagus nerve 

We believe that an additional precipitating cause of acute nonrenal 
h)'pei tension has been recorded with the repoit of this case 
Students’ Health Service 
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CENTRAL SOCIETY FOR CLINICAL RESEARCH 

The seventh annual meeting of the Central Society for Clinical Research will 
be held in the Tropical Room of the Medinah Club, 505 North Michigan Avenue, 
Chicago, on Friday, November 2, and Saturday morning, November 3 

The Central Society for Clinical Research was founded and organized largely 
through the initiative and energy of Dr Frank Billings It was his desire to 
establish a society which would be a common meeting place for the younger 
physicians m the cities and villages of the Middle West and which would serve to 
maintain their interest in scientific medicine and clinical research He lived to see 
assured the success of the society in which he was so interested The meetings 
are open to all 
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Obstetric Medicine Edited by Fred L Adair, M D , Professor of Obstetrics 
and Gynecology, University of Chicago, and Edward J Stieglitz, M D , 
Assistant Clinical Professor of Medicine, Rush Medical College of the Univer- 
sity of Chicago Price, §8 Pp 743, with illustrations Philadelphia Lea 
& Febiger, 1934 

As the editors state, this book is an effort to coordinate and correlate the 
medical knowledge concerning the problems of diagnosis, therapy and prognosis 
of disease occurring coincidentally with pregnancy It is written by thirty-nine 
well known contributors under the editorship of two 

It IS a fairly good textbook of medicine To be sure, it treats of many condi- 
tions that appear to have little to do with ordinary pregnancy, for example, African 
sleeping sickness and Schistosoma japomcum “endemic in Japan, the valley of 
the Yangtse River in China, in the Philippine Islands, Singapore, and the Shan 
States ” But the book in general is modeled on standard lines The infectious 
diseases and the various systemic disorders, including diseases of the teeth, ej^es 
and skin, are competently discussed The blood and the endocrine glands receive 
adequate consideration, and there is an excellent chapter on deficiency disease as 
related to pregnancy, while allergy and industrial poisoning, as well as drug 
habits, receive an appropriate amount of attention The commendable feature of 
the volume lies in the imagination behind it, for a reference book of this sort should 
be of great value, the disadvantage is that in its present form the book is neither 
a particularly first class textbook of obstetrics on the one hand, nor a particularly 
first class textbook of general medicine on the other, but a somewhat unconvincing 
mixture 

Die Tonuskrankheiten des Herzens und der Gefasse By Professor J Pal 
Price, 18 marks Pp 228, with 20 illustrations Vienna Julius Springer, 1934 

This monograph deals with various problems concerned in the regulation of 
blood pressure After an introductory chapter, hypertension is discussed at con- 
siderable length The author recognizes two kinds of hypertension transitory 
hypertension from vascular spasm and permanent hypertension in part due to 
heredity and in part acquired, as time goes on, from a variety of causes He 
gives an excellent description of the changes which may occur from hypertension 
III the large vessels, in the retinal vessels and in the capillaries and discusses 
methods of treatment, using illustrative reports of cases to enliven his thesis 

Hypotension is taken up in much the same manner Hypotension is considered 
as being either congenital or acquired, what may be done in the treatment of 
low blood pressure is described 

The book is interestingly put together and is written from a combined clinical, 
pathologic and physiologic point of view It contains an excellent list of references 
to current literature On the whole, this work is well worth reading and will 
prove especially valuable to clinicians interested in vascular disease and its 
management 

Stoffwechselprobleme By S J Thannhauser Berlin Julius Springer, 1934 

This small book contains five lectures on the following topics (1) the structure 
of nuclear material in plants and animals and the metabolism of nucleins ( 2 ) the 
chemistry of the pigments of the blood and bile, (3) the place of formation of 
biliary pigment, (4) the production of icterus and (5) the lipoidoses xanthoma, 
Gaucher s disease and Niemann-Pick’s disease 
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The presentation is scholarly and critical, each lecture contains a review which 
brings the subject up to date by including the more recent contributions Thann- 
hauser is professor of medicine in Freiburg He speaks with special authority 
in the fields of purine chemistry and bile His “Lehrbuch,” a monograph on 
metabolism and diseases of metabolism, is widely recognized as a masterpiece of 
medical writing m this field The “Stoffwechselprobleme” is lacking m a bibliog- 
raphy, much to the disappointment of the reviewers 

Traite de physiologie normale et pathologique Tome VII Sang et 
lymphe, reactions d’lmmunite Deuxieme edition Published under the 
direction of G -H Roger and Leon Binet Price, Stitched, 100 francs , bound, 
120 francs Pp 731, with 82 figures Pans Masson & Cie, 1934 

1 his treatise on physiology in eleven volumes has been so well received that 
it has been considered worth while to bring out a second edition The present 
volume IS the first of this edition that has appeared It is considerably (229 pages) 
longer than the first edition The following subjects have been particularly revised 
and amplified the origin of the formed elements, hemorrhage, transfusion, blood 
chemistry, coagulation, immunity and anaphylaxis The work is liberally docu- 
mented with references to the literature, mostly French, although English, American 
and German works are cited as well French science may well feel proud of this 
evidence of its vitality 

Reliefstudien an der normalen und Krankhaft veranderten Spieiserohre 
By Richard Schatzki Pp 149, with 159 illustrations Acta radiologica, 
Supplementum XVIII, 1933 

This interesting monograph deals systematically with the roentgen appearance 
of various lesions of the esophagus There are 159 reproductions of roentgen- 
ograms These serve to illustrate the text, which deals not only with interpretation 
but with technic as well There is a thorough bibliography 

Brucella Infections in Animals and Man Methods of Laboratory Diag- 
nosis By I Forest Huddleson Pp 108 The Commonwealth Fund, 1934 

This little monograph brings together in an interesting manner the available 
literature on the bacteriology of the Brucella group and deals especially with the 
methods of laboratory diagnosis The technic of isolation of the organisms, the 
pathology of experimental infection and the biologic methods for identifying and 
separating various strains are described The bibliography includes one hundred 
and eighty-eight titles, the illustrations are good, and there is an index 

Radiologie de la vesicule bihaire By Nemours-Auguste Price, 45 francs 
Pp 186, with 102 figures and 27 plates Pans Masson & Cie, 1934 

This book IS in line with the French custom of monographic treatment of 
highly restricted subjects One would hardly think that there was enough to say 
about the roentgenology of the gallbladder to fill a whole volume, and still one 
finds here surprisingly little superfluous matter The subject is taken up from 
every possible angle Especially valuable are the numerous excellent reproductions 
of roentgenograms and diagrams The book should prove a storehouse of informa- 
tion not only for roentgenologists but also for physicians in general There is a 
thorough bibliography, with good representation of the American literature 
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In Januaiy 1926 a small but explosive outbreak of illness occurred 
in a lestiicted aiea of Haverhill, Mass Several physicians called by 
patients in this epidemic weie struck by its unusual features, especially 
the abiuptness of the onset, the peculiar eruption and the marked 
involvement of the joints 

On Januaiy 22 we weie called in consultation by the department of 
health A preliminaiy lepoit was made in Februaiy 1926^ A complete 
bactei lologic report was made by Parker and Hudson-^ in Septembei 
1926 The present papei is a complete report of the findings in this 
epidemic 

The only pievious epidemic of a disease similar to this of which 
we have found a lecoid occuiied in May and June 1925, at Chester, 
Pa Studies of this outbreak were made by Dr Charles Aimstrong'^ 
and Di Haiold B Wood,^ state epidemiologist In that epidemic about 
400 cases weie discoveied m May and June 1925 It is estimated that 
about 600 cases occuried with no deaths Although the nature of the 
epidemic was not detei mined, theie was a striking similaiity of onset, 
symptoms and couise and epidemiologic relation to the milk supply to 
the disease reported here 

The onset was unusually abiupt, with severe chills, fever, vomiting, 
headache and pains in the back and joints There was a remission of 
fevei after a ferv days The rash appeared at varying times in the 
eail} period of the disease as a macular or papular and often petechial 
eiuption on the wrists, aims, feet and ankles In a few cases it became 
pustular The white blood cell count varied in 6 cases from 6,000 to 
15,000 The joints were painful and tender, in some cases showing 

From the South Department, Boston City Hospital 

1 Place, E H , Sutton, L E, and Willner, O Erythema Arthnticum 
Epidemicum, Preliminary Report, Boston M & S J 194.285, 1926 

2 Parker, Frederick, Jr , and Hudson, N Paul The Etiology of Haverhill 
Fever (Erythema Arthnticum Epidemicum), Am J Path 2 357 (Sept ) 1926 

3 Armstrong, Cliarles Milk-Borne Outbreak at Chester, Pa Report 
rendered Jub' 18, 1925, personal communication 

4 Wood, Harold B Personal communication to the authors 
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no local signs, but in otlieis swelling and occasionally redness Pam 
and stiffness in the joints persisted after the subsidence of fever 

Although dengue was the working diagnosis during the early part 
of the epidemic, a study of the mosquitoes showed no unusual number 
and none at all of Aedes aegypti 

It was soon found that the milk supply was responsible Ninety-tuo 
per cent of the known patients received raw milk from a bottling plant 
m the city About 20 pei cent of the persons receiving milk fioin 
this source had the disease as compared with 0 5 per cent of the 
population as a whole In 250 homes in which the disease occurred 
there weie 1,194 persons, 33 per cent of whom had the disease Of 
the 8 per cent of patients not receiving milk from the bottling plant 
neaily one half had taken the infected milk m restaurants, leaving 
only 4 5 per cent of the known cases which weie not definitely traceable 
to the milk On one of the six farms supplying milk to the bottling 
jjlant was found the fiist person known to have had the disease This 
person became ill foui days before the first customer to contract the 
disease became ill In the first six days after the onset of the fiist 
case 5 other cases appeared, including that of one of the proprietors 
of the bottling plant Shortly afterward the outbreak became explosive 
From a few obseivations the period of incubation m the Chester 
epidemic w'as believed to be from two to four days 

Two blood cultures in the acute stage were negative Forty-two per 
cent of throat cultures from 38 patients weie positive for streptococci 
Of 18 patients still moie or less ill with soie throat, streptococci rvere 
found 111 61 per cent, and in 31 per cent of 13 who had recoveied 
Of 7 persons who had not been ill, 14 per cent had positive strep- 
tococcus cultures There w^as considerable variation in the hemolyziiig 
powder of the streptococci isolated 

A definite decision as to the nature of the disease was not made 
for opinions varied from dengue fever to streptococcic sore throat 
Levaditi, Nicolau and Pomcloux ® described an infection in one of 
then co-workers which clinically resembled this disease, and an organism, 
Stieptobacillus monihfoimis, which appears to have been the etiologic 
agent, w^as isolated from the blood during the acute stage It has chaiac- 
teristics similar to those of the organism isolated in the Hareihill 
epidemic Their report is of a single case occurring m March 1925 with 
lecovery 

Earlier than that we have not found any report of a clinical entity 
with bactei lologic findings which lesemble those m the Haverhill 
epidemic 

5 Le^adltl, C , Nicolau, S , and Poinclou'c, P On the Etiologic Role of the 
Streptobacillus Moniliformis in Acute Septicemic Polymorphic Erythema, Compt 
rend Acad d sc 180 1188, 1925, Research on the Etiology of an Acute Pofi- 
morphic Er^thema Presse med 34 340 (March 17) 1926 
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In 1932 Hazaid and Goodkind ® repoited a case in which Haveihill 
level was diagnosed in the waids of the Boston City Hospital, with 
lecoveiy from the blood at thiee different times of an oiganism of 
the same chaiactenstics as that isolated in the Haveihill epidemic 

Levaditi, Selbie and Schoen^ recently leported the isolation of 
Stieptobacillus moniliformis (Levaditi) from mice ill with spontaneous 
polyarthritis 

In a nunibei of cases of fevei following the bite of a lat oigamsms 
have been obtained fiom the blood similar to and possibly identical 
with I-Iaverhilha multiformis by Schottmuellei Blake,® Litteiei,^® 
Tunnichff and Mayei,’^’^ Ebert and Hesse and Mackie and 
McDermott,^ ^ although the lattei latei found a spii ilium on inoculation 
of animals 

THE ElIOLOGIC ORGANISM IN THE IIAYERHII L EPIDEMIC 

In the Haverhill cases an oiganism was found by Parkei and Hud- 
son ® 111 blood cultuies taken by us in 11 of 17 cases and m fluid 
aspiiated by us from the knee joints in 2 cases They named the 
oiganism Haveihilha multiformis, theieby making a new genus Haver- 
hillia in the family Mycobactei laceae (Chestei) in the oidei Actinomy- 
cetales (Buchanan) Seium fiom the patients pioduced agglutination 
of a polyvalent antigen of this oiganism in fiom 1 50 to 1 100 dilution, 
while seium from noimal persons failed to show agglutination m dilu- 
tions higher than 1 20 Skin tests with the organism were positive 
in IS of IS cases fiom four to five months after the infection and 
negative in 10 contiols 

6 Hazard, J B , and Goodkind, R Haverhill Fever , Report of a Case and 

Bactenologic Study, J A M A 99 534 (Aug 13) 1932 

7 Levaditi, C , Selbie, F R , and Schoen, R Arthritis of Spontaneous Poly- 
articular Rheumatism of the Mouse Produced by Streptobacillus Moniliformis, 

Compt rend Soc de biol 103 1193 (May) 1930 Levaditi, C, and Selbie, F R 

Mode of Transmission of Acute Polymorphic Multiforme Erythema, Compt rend 
Acad d sc 189 1332, 1929 

8 Schottmueller, H Etiology and Clinical Characteristics of Rat-Bite Fever, 
Dermat Wchnschr (supp ) 58 77, 1914 

9 Blake, F G The Etiology of Rat-Bite Fever, J Exper Med 23 39 
(Jan) 1916 

10 Litterer, William A New Species of Streptofhrix Isolated m a Case of 
Rat-Bitc Fever, J A M A 68 1287 (April 28) 1917 

11 Tunnicliff, Ruth, and Mayer, K A Case of Rat-Bite Fever, J Infect Dis 
23 555 (Dec) 1918 

12 Ebert, B , and Hesse, E On the Clinical Appearance and Bacteriology of 
the Japanese Rat-Bite Fever, Arch f klin Chir 136 69, 1925 

13 Mackie, T J , and kIcDermott, E N Bacteriology and Observations in 
a Case of Rat-Bite Fever Spirillum Minus, J Path & Bact 2,9 493 (Oct) 1926 
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Koch's postulates were not proved as there was no experimental 
inoculation bf man, but it is felt that the evidence of the organism 
found in the blood stream and pathologic lesions, pioperly controlled, 
as well as the appearance of immune bodies m the infected patients is 
sufficient for regarding this bacteiium as tlie etiologic agent 

EPIDEMIOLOGY 

Haverhill is a manufacturing city At the time of the epidemic 
it had a population of 35,000 On Jan 22, 1926, twenty days after the 
appearance of the first case, the local board of health was notified by a 
local physician who had seen personally 8 cases that day Up to that 
time there had been 71 cases The following day the survey for the 
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Fig 1 — A graph showing the chronological occurrence of cases 

epidemic was begun From then on 15 cases appeared before the 
epidemic was stopped Three cases appeared during the fiist week, 
31 during the second and 37 during the thud The epidemic reached 
its height at the end of the third week Figuie 1 shows the chi onological 
incidence 

The epidemic was limited to a small district bordering the river, 
rectangular m shape, measuring about 5,000 by 1,500 feet (1,500 by 
500 meters), including two roughly parallel streets and the short inter- 
secting ones Within this area 86 cases developed (fig 2) The patients 
were chiefly of foreign extraction, Lithuanians, Italians, Poles and 
Jews (in the order named as to frequency) appealed to be the chief 
inhabitants of the infected district 

Thirty-nine families were involved, and 21 of these had more than 
1 case In a family of 18, including the grand-parents, parents and 
children, there weie 10 cases, the largest gioup in any family 
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The ages of the patients varied from 8 months to 54 jeais No 
nursing liabes were among those infected The age classification ^^as 


Dndcrajears 
2 to 12 j enrs 
12 to 21 jcars 
21 to St jears 


Number Per Cent 


31 

17 

31 


82 
30 0 
10 S 
80 0 


Fifty-one, oi 59 pei cent, of the patients were females and 35, or 
41 per cent, weie males 

Almost all of the men were occupied m shoe factories and in the 
neighboring provision stoies 

The living conditions of the homes were from poor to model ate, 
with the majoiity of the homes clean and neat Evei}' house had an 
inside toilet , there wei e no outside pi ivies The kitchen was the most 



Fig 2 — Map of Haverhill, Mass , showing the distribution of cases Each 
case is represented by a dot 


used loom in most of the homes, and in some homes in which the con- 
ditions were pooi theie weie many sleeping in a loom As a whole most 
of the looms showed plenty of light and sunshine Rats weie piesent 
in a few of the houses, but no vermin were found Flies and mosquitoes 
weie not piesent, as the epidemic appealed in Januaiy, and there was 
much snow 

Running w^atei was supplied in eveiy house fiom the city leseivon 
The city health department leported that nothing had happened to the 
city’s rvater supply recently to suggest that the rvatei might be con- 
taminated, and no cases had occuned in other paits of the towm using 
the same watei supply 

The food supply w^as obtained fiom the neighboimg piovision stoies 
The majority of the patients, except the infants stated that the} had 
eaten rarv food latel)’’, such as lettuce and occasional!} celeiy Raw' 
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meat ^^as eaten b) 1 patient, but the rest claimed that their meat was 
always cooked Fruits such as apples, oranges, bananas and pineapples 
w ere eaten by many 

The milk supply in every case came from one dair}^ eithei diiectly 
or through four stores m which this dairy’s milk was sold One patient, 
hou evei , ate only ice ci earn made from this milk The entire milk supply 
of this dairy was distributed to a small aiea of the city which coi- 
responded to the area of the disease The distiibutoi daily supplied 
18 quarts (19 liters) of milk directly to eleven lesidences and 62 quaits 
(65 liters) to four stores, which accounted for the dairy’s entire supply 

Of the 39 families presenting cases of the disease 25 secured milk 
from stores supplied by this dairy alone, and 6 took milk from stores 
supplied by this as well as other dames The othei 8 families had 
delner> of milk fiom the dairy in question direct to the home 



Fig 3 — Map of Haverhill, Mass , showing the distribution of milk carrying 
the infection Each dot represents a family taking milk directly from the dairy 
The squares represent stores, with the number of quarts received by each in the 
adjacent figures 

Two hundred and thiity-one persons were included in the gioup, 
of wdiom 84, or 36 per cent, had the infection, an average of 2 1 cases 
per family In several of the families some members rarely oi never 
drank milk, and these usually escaped infection In several only the 
persons who drank milk contracted the disease Two cases occurred 
in families not leceivmg milk from the dairy, but both patients had 
pai taken of the milk in homes having this supply One woman using 
milk fiom the suspected dairy always boiled it, and she remained well 
The milk was ordered pasteurized on January 27, and after that 
only 1 case developed, two days later The patient gave the history of 
having drunk the milk tinpasteunzed 

No cases developed through contact Every patient gave a history 
of the ingestion of milk or its products In some families there were 
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sevcial sleeping in a room, but no case occuired tliiough contact None 
of the medical stafif working m the field, hospitals oi lahoiatoiy had the 
disease, even though it was impossible to cairy out perfect aseptic 
technic 

In 17 cases m which there was some soieness of the throat, cultures 
Avere taken at varying times from the first to the twenty-seventh day 
of the disease No unusual oiganisms were found The usual floia of 
the mouth was present, including staphylococci, pneumococci, stiepto- 
cocci, etc 

The daily was located seveial miles outside the city, and the milk 
was hauled to the customers every morning Twelve cows weie main- 
tained, none of which was ill One cow freshened from one to two 
months before the beginning of the epidemic, and hei milk was added 
four 01 five days later To make up a supply of 80 quarts (84 liters) 
two cans weie leceived daily from two other dames nearby Examina- 
tion of the heids by the city veteiinarian gave negative lesults, and 
cultures fiom the milk proved negative The water supply was fiom 
two wells 

The lesidents of the farm weie the dairyman, his wife and 6 
childien, vaiying in age from 1 to 20 years Within the past six 
months theie had been no history of illness in the family, and an exami- 
nation gave negative lesults They stated that they used the milk The 
samtaiy condition of the dairy was as good as could be expected, but 
theie was little modern equipment Pasteurization was not done, as 
the saving of the expense of pasteurization allowed the milk to be sold 
1 cent cheaper than that of the competitors By the time the milk was 
pasteuiized the epidemic had nearly ceased, as almost eveiy customer 
who continually diank the milk had had the disease 

The poital of entiy is thought to be intestinal The only two epi- 
demics reported have been shown to have been due to the ingestion of 
milk The absence of cases through contact tends to exclude the 
lespiratory tiact as a poital of exit 

The disease appeared both m January and m June, making insect 
01 seasonal factois appai entiy of little import 

Dining the epidemic m Haverhill we earned blood bouillon cultuies 
by motor 35 miles (56 kilometeis) to Boston in fieezing weathei with- 
out destioying the oiganisms The blood did not fieeze, howevei 

PERIOD or INCUBATION 

The time of ingestion of the infected milk in i elation to the onset 
could not be told in most cases as the milk fiom the same dairy had been 
used continually In 3 cases the pai taking of the infected milk pre- 
ceded the symptoms one two and fiom tw^o to thiee days respectnel} 



666 


ARCHIVES OF INTERNAL MEDICINE 


In one of these cases a woman, 28 years old, who nursed in the house- 
hold of a friend, took milk on January 21 and 22 Symptoms developed 
on the night of January 22 She took none of the infected supply 
elseuheie In a second case a bab}^ 8 months old (who was at first 
behe\ ed not to have taken the milk) , visited with her mother, and partook 
of the infected supply on January 21 and 22 She became ill on 
Januaiy 23 In the third, a man, 22 years old, came from a Boston 
hospital on the night of January 25 to nurse his father m the twelfth 
da} of illness He drank milk on Januaiy 26 and 27, the disease devel- 
oped on Januar} 29 This milk was pasteuiized after January 27 
It is probable that the period of incubation vanes with the amount 
of organisms ingested 

SOURCE 

The souice of infection is obscuie The causative organism had 
been previously noted only once, and that was not known to us at the 
time It may have secuied entiance to the milk from bovine sources, 
although its poor growth in milk makes the udder improbable as a focus 
One cow showed antibodies in the blood, but loutine examination 
reiealed only a slight superficial lesion of one teat and dripping from 
another On a visit to the dairy aftei agglutinins were discovered in 
her blood, it was found that this cow alone had been disposed of 

Contamination of the milk from water oi handling through con- 
taminated vessels is possible, as no sterilization was done, the simple 
equipment for that purpose being out of order at the time Contamina- 
tion from fodder such as ensilage has not been excluded 

The woik of Levaditi and his co-woikeis and of Strangeways“ 
showed that mice, and especially rats, are the natuial carriers of Stiep- 
tobacillus moniliformis Levaditi, Selbie and Delorme showed that 
the infection in mice with multiple aithntis or septicemia may be con- 
i' eyed to other mice if kept together in the same jar in the dark, but 
not if kept m the light They found the organism in the urine in the 
bladder, and believed that the infection is spread by the contamination 
of food in this manner as well as by bites Strangeways found Strep- 
tobacillus moniliformis in the nasopharynx of 50 per cent of rats bred 
in the laboratory and m four wild rats, but not in the blood or organs 
A study of the rats and mice at the dairy was not made, but the pos- 
sibility of this source is intriguing 

14 Strangewaj s, W J Rats and Carriers of Streptobacillus Momhforniis, J 
Path & Pact 37 45 (Julv) 1933 

15 Levaditi, C , Selbie, F R , and Delorme, M Mode of Spontaneous Trans- 
mission of Infectious Polyarticular Rheumatism Caused by Streptobacillus Monili- 
formis, Compt rend Soc de biol 107 501, 1931 
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Theiclentit) of Stieptobaciliiis moniljformis, Streptothnx muris-ratti 
and Haverliiilia multifoimis requires further study, but at present they 
show too little diffeieiice to suggest more than difterent strains Levaditi 
found that Streptobacillus moniliformis of human source grew m milk, 
and that labbits weie the most susceptible animals, while the strain 
fiom mice was much more virulent for mice than foi rabbits 

If the evidence of the short period of incubation can be accepted 
the milk supply must have been repeatedly or continually infected for 
a peiiod of over thiee weeks 

CLINICAL PICTURE 

Onset — The onset in most cases was acute Rarely, theie was an 
indefinite history of malaise, of pain in the extremities and of headache 
giadually appearing in the couise of a couple of days Most gave the 
history of being perfectly well until suddenly a chill, vomiting or a severe 
headache ushered m the illness In many cases the onset was extraor- 
dinarily abrupt, the patient being seized by a sudden violent chill while 
at work or asleep In some cases a sudden and severe headache, vomit- 
ing, prostration and malaise intenupted their daily routine Convulsions 
occuired in infants or very young children 

The fever tended to show a i emission to normal m fiom two to 
five days and the s}mptoms weie so amehoiated by the third or fouith 
day that many of the patients got out of bed, and several started back 
to woik, to return to bed later with the recun ence of fever The fever 
lecuiied two oi three days after the i emission to normal, the recurrence 
coinciding with the onset of geneialized involvement of the joints The 
eruption began usually during the primary fever, but tended to persist 
or even to inciease into the i elapsing period 

The chief symptoms of the 86 patients and then appearance during 
the fiist stage of the disease weie 



Number 

Pet Cent 

Pcver 

83 

90 5 

Vomiting 

53 

GIG 

Headnche 

4S 

65 8 

Chills 

47 

54 7 

Chilliness 

11 

12 8 

Diyyincss 

14 

IG 2 

Somnolence 

7 

8 1 

Irrltabilitj 

4 

4 0 

Herpes 

4 

4 0 

Backache 

4 

40 

4 0 

Delirium 

4 

Epistaxis 

O 


u 

3 0 

Nausea 

o 

3 5 

Con%ulsions 

o 

2 

2 3 

Anorexia 

Photophobia 

2 

2 

23 

11 

Tingling and numbness 

1 

Shooting pains 

1 

1 1 

I 1 



668 ARCHIVES OF INTERNAL MEDICINE 

Fevei — E\er} patient examined dm mg the acute stage showed 
tever, either slight or a temperature as high as 105 F The 3 patients 
lepoited as fiee from fevei were without lecords of tempeiatuie 

The typical temperature cuive was a sudden rise following a chill 
01 chilliness, its height being reached within twenty-foui hours A 
drop in temperature to normal occuried almost as rapidly, in from 
twenty-four to forty-eight houis m most cases When chilliness per- 
sisted, the temperature remained up The symptoms abated as the 



Fig 4 — A characteristic temperature curve in a woman, aged 44, from the first dav 


tempeiature fell In some cases m which the stages merged the elevation 
of the tempeiature persisted at a lower level As a rule when the rash 
appeared the temperature nas either normal or nearly normal 

When the second stage set in the temperature was elevated and 
remained so for a few days oi weeks, depending on the severity of 
the arthiitis Few of the patients showed no rise of temperature with 
a somewhat mild arthritis , others had a temperature as high as 103 F 
and throughout several weeks averaging about 100 F The niajonti 
of the fevers, howevei, weie septic, the temperature gradually reach- 
ing normal in about a Aveek 
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Puhe and Rcspuaioiy Rates — The pulse late vaned with the 
])alienl It showed no marked relative increase oi decrease, but vaiied 
with the temperatuie The lespiratoiy rate showed nothing abnoimal 
Theie was an inciease in those patients who showed pneumonic con- 
ditions in 1 elation to the amount of pathologic change 

Vomiting — This occuiied in 61 pei cent of the cases In a little 
ovei half of these vomiting occuired more than once, averaging thiee 
01 four limes In the severei cases i etching was piesent, with bile- 



Fig 5 — A characteristic temperature curve in a girl, aged 13, from the second day 


stained vomitus One patient stated that he vomited “puie blood” 
Vomiting occuiied ovei two days and from three to eight times m 7 
pei cent of the patients One patient, a giil of 5 years, vomited thirty 
times 01 ei a peiiod of thiee days A small percentage (Syi) of the 
patients did not vomit, but showed nausea 

Anoiexia ivas present m 2 patients who did not shoiv nausea or 
vomiting, and was moie oi less evident m all cases 

CJiiIIs — Definite chills occurred in 55 pei cent of the cases (2 
patients stated that their teeth weie almost shaken out), and, when 
jnesent geneially were the first symptom As a rule they lasted for 
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fifteen or twenty minutes, several patients claiming chills of a duiation 
of one half hour A few had repeated chills over a peiiod of two days, 
and 1 for three days Cyanosis was marked m 2 infants of the same 
family, aged 10 months and 2 years The foimei had seven definite 
chills over a period of two days, and the lattei had six duiing the same 
time Thirteen per cent showed chilliness, but not maiked enough 
to be classified as chills The chilliness was of one, two oi thiee days’ 
duration, and m 1 case one week 

Convulsions were present m 2 children, aged 3 and 5, who did 
not have definite chills In the formei theie was one convulsion which 
lasted for fifteen minutes , the othei had two attacks of about the same 
duration 

Headache and Othe) Like Disturbances — This occuiied in 56 per 
cent of the cases, and was fairly seveie As a lule the headache was 
generalized, but when limited it was in the frontal region The dura- 
tion of the headache varied from an hour to a week, but m the majority 
of cases the duration was from twenty-foui to forty-eight houis 

Dizziness was present in 16 per cent, occurimg in the severer cases 
and lasting through the height of the toxic symptoms Somnolence was 
complained of by 8 per cent, mostly adults One patient, unable to 
sleep for three days, was afflicted the most Restlessness and irritability 
were found m the infants and small childien m a few cases Severe 
backache was present in 4 patients The rest showed more or less 
general malaise The sicker patients showed piostiation Delirium 
occurred m 4 cases, in 2 uncomplicated cases at the onset, in another 
on the fifth day of the disease, and m the fouith m complicating pneu- 
monia which developed five days after the onset 

Photophobia was complained of by 1 adult, who also had blurred 
vision for twenty-four hours Tingling and numbness of the light hand 
occurred in 1 adult on the second day of the disease, and lasted for 
several days Stabbing pain, like needles, in the elbows shooting down 
the arms to the wrists persisted foi two days in another adult Herpes 
simplex labialis was present m 4 patients 

Epistaxis — This occurred in 3, but was of slight degree 
Rash — The eruption appeared anywhere from the first to the fifth 
day of the disease In 1 case the eruption appeared as late as the eighth 
day In 7 cases the eruption appeared on the day of onset in 16 
on the second day, m 3 on the third, in 10 on the fouith, in 7 on 
the fifth and in 1, as previously mentioned, on the eighth day In almost 
one-half the cases it appeared on the thud day, when the temperature 
usually returned to normal 

It was most marked at the distal ends of the extremities, especially 
on the lateral or extensor surfaces and occasionally with accentuation 
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aiound the joints Fiequently it extended do\M'i the backs of the hands 
and the doisa of the feet and less fiequently oiei on the palmai and 
plantar sui faces In the severei cases the exanthem u as not limited to 
the extremities, but i\as piesent on the forehead and the sides of the 
face and on the trunk, usuallj'^ the chest and the back The flexoi sui- 
faces of the bod) iieie usually fiee except m maiked eiuptions, ^^hen 
theie was extension fiom the extensor sui faces 

The eiuption showed blotchy, irregulai, geneially lounded, maculo- 
papular, dull led lesions vaiying gieatl) m shape and aiiangement, 
measuring from 1 oi 2 to 3 oi 4 mm in diametei In a iew cases the 
lesions weie laigei, paiticulail) when piesent on the face In 1 case a 
few^ lesions measuied almost 1 cm m diametei The lash Aaiied m 



Fig 6 — Photograph showing the subsiding eruption on the fifth da\, eight 
days after the onset of the disease 


type, being chiefly rubellafoim, but m some cases tending tow^ard 
moibilliform The lesions showed no tendency to clear in the centers 
they faded on piessure and on the whole w^ere discrete except for an 
occasional small area of conglomerate lesions around the joints 

The eiuption inci eased in intensity foi from one to three days, and 
lasted fiom one to fourteen days The average duration was six days 
In the mildest cases the eruption w^as present for one da) In 1 case 
It lasted foi three w^eeks In the persisting eruptions pigmentation gen- 
eially resulted lasting from tw^o to three wrecks 

Petechial hemorrhages w^ere present along the dorsa. the innei 
aspects and the plantar surfaces of the feet m the most toxic cases A 
few patients showed some over the lower part of the leg and lower part 
of the arm wdnch remained for some time after the erythema had faded 
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A tourniquet applied to the upper pait of the arm pioduced hemor- 
rhages 111 the lesions of the louei part of the arm within five minutes 
after its application Hemoirhages and pigmentation were present in 
about 21 per cent of cases 

Fine desquamation appeared in 20 pei cent of the cases It was 
found along the distal end of the lowei part of the arm and leg, and 
in se\eral cases uas profuse on the hands and feet, including the fingeis 
and toes It was present after the fading of the eiuption, but accom- 
panying the pigmentation Pigmentation, hemorrhage or desquamation 
occurred only aftei an erj thema stage 

The exanthem was recognized m 80 of the 86 cases, oi 93 pei cent 
Since the presence of rash m some instances was determined by the 
history, it is piobable that some rashes may have been overlooked, 
judging from the mentality of some of the patients An eruption was 
piesent m all cases that were observed personally from the beginning 
of the disease The distiibution of the eiuption in 80 patients, oi 93 
pel cent, was as follows 

Patients Per Cent 


Trunk, face, arms and legs 9 

Trunk, arms and legs 4 

Trunk and arms 1 

Pace, arms and legs 26 

Arms and legs 25 

Pace and arms 5 

Arms 8 

Legs 4 


Totals 

Trunk 

Pace 

Anns 

Leg^ 


15 

17 4 

40 

46 5 

76 

884 

65 

75 6 


A) fill III <! — This was the most peisistent symptom Its onset was 
fiom the second to the thiiteenth day of the disease, and usually marked 
the beginning of the recurring fevei In the average case involvement 
of the joints began on the fourth or the fifth day of the disease in 
almost all cases it was multiple, and in over half there were moie than 
SIX joints involved There were many remissions and lecurrences In 
addition to definite involvement of the joints there was geneiahzed 
pain in the aims and legs with no local evidence m the joints Some, 
chiefly infants and children, showed no definite involvement of the 
joints About 16 per cent had generalized pain, of whom thiee fourths 
were infants and children The vertebral joints were possibly involved, 
as there was great pain in turning or moving the neck or back 

Objectively the joints varied from a normal appearance to well 
marked swelling and slight redness In the knee joint in at least 
6 cases fluid was demonstrated by a floating patella The joints were 
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cxcecdmefl} painful crippling the patients, keeping them either m bed 
or in the house, and dominating the relapsing stage of the disease 
Jable 1 shows the extent of invohement of the joints in 83 patients 
In the epidemic in Chestei , Pa , 1 patient complained of pam on 
moving the cies 

Table 1 — Lovif Involvement'! 


Totals 

- , A 

Swelling 

In\oIvc or Redness 


Joints 

Pain 

Swelling 

Redness 

ment 

or Both 

Right shoulder 

30 

2 


32 

2 

I eft shoulder 

30 

4 


34 

4 

Right elbow 

35 

8 

1 

44 

9 

Lett elbow 

34 

S 

2 

44 

10 

Right wrist 

32 

13 

1 

46 

14 

Left wrist 

30 

11 

1 

42 

12 

Rigiit flngcrc 

19 

8 

5 

32 

13 

1 eft lingers 

20 

9 

4 

33 

13 

Right hip 

15 



15 


1 eft hip 

IG 

1 


17 

1 

Right Lnce 

31 

11 

1 

43 

12 

1 cftLnee 

26 

13 


39 

13 

Rigiit ankle 

21 

8 

2 

31 

10 

I eft ankle 

21 

6 

2 

29 

S 

Right foot (ineluding toes) 

14 

3 


17 

o 

Left foot (including toes) 

14 

3 


17 

3 

Vertebrae of tlie neck 

9 

0 


0 


X ertebrae of the back 

4 



4 


01n\ icles 


1 


1 

1 

Pubes 


1 


1 

1 


ihe wiists and elbows weie the joints most frequently involved 
w’lth the knees, shouldeis, fingeis and ankles follownng in oidei The 
following tabulation show's the number of joints involved in each 
patient 


Toinls 
In^ol^ ed 

1 

2 

n 

4 
*i 

c 

7 

5 


Patients 

S 

j 

G 

3 

4 
G 
0 
o 


Joints 
Im olved 

9 

10 

11 

12 

13 

14 

15 
IG 


Patients 

1 

4 

3 

5 

4 
4 
2 
o 


The 15 patients with geneiahzed pain in the aims and legs aie not 
included in the pieceding list 

rile shoitest duiation of invohement of the joints was two days, 
the longest seveial months The involvement subsided within one week 
in 10 patients, within fiom one to two weeks in 12, and within from 
two to foul weeks in 12 In 34 the joints w'ere still involved at the 
end of a month and in 3 at the end of five months In the 34 cases 
weie included those in which some definite pain or pain and swelling 
showed m ain joint which had been involved from the onset In the 

peiiod of fiom one to fixe months the pam and sw'elling in most of 
the 34 cases subsided 
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Paiacentesis of two joints with fluid levealed jellow cloudy fluid m 
which on standing a slight flocculent piecipitate appeared Micioscopic 
examination revealed polymorphonuclear leukocytes Cultures taken 
from the fluids showed a pure culture of Haveihilha multiformis 




Fig 8 — Photograph showing swelling of the joint of the left knee 

Respiiatoiy Involvement — Sore throat appeared in 39 cases, or a 
little less than one half It appeared at any time from the first to the 
twenty-fifth day of the disease, and at the eighth or ninth day on the 
average It came on most frequently during the stage of relapse The 
duration was from one to twenty-five days, averaging six and a half 
days The soreness was slight, dysphagia being present in only 3 cases 


PLACE-SUTTON—ERY I HEMA ART HRIFICUM EPIDEMICVM 6/o 

The throat showed a diftuse dull ledness with capillary injection extend- 
ing over the soft palate Cultures showed the organisms usually found 
in the throat The tongue was slightly coated 

Cough occuried in 21 cases, and was more oi less diy and non- 
pi oductive and not seveie It occurred with the slight soie throats 
Two patients, aged 3, had croupy coughs during the onset of disease 
Three patients complained of pain over the laiynx with slight hoarse- 
ness, and slight tendeiness on pressuie over the larynx vas piesent 
during the lattei stage of the disease One of these sufteied loss of 
voice Hoaiseness in another lasted two weeks 

Bronchopneumonia developed in 2 cases on the third and fifth day 
of the disease and lasted about one week One of the patients was 
markedly delirious, attempting to throw himself out of the window and 
requning restraint The physical signs were definite in both cases 
Acute bronchitis occuried in 3 others, wuth cough and the laising of 
sputum without definite signs of pneumonia 

Oi game Findings — ^Appaiently the heait was not affected b}’’ the dis- 
ease No caidiac enlaigement w^as piesent In only 4 patients were 
murmurs found, 3 caused by functional disoider and m the other due 
to an old aiiested endocarditis wnth no signs of an acute flare-up The 
pulse late was relatively low 

The edge of the liver was palpable in 1 case, but w^as not tendei, 
and no jaundice was present 

The edge of the spleen was palpable in 7 cases, but this was thought 
to be a coincidence 

Abdominal pain and distention w^eie piesent in the 2 patients with 
pneumonia, while abdominal pain alone was found in seveial otheis 
duiing the onset, with vomiting, but lasted onlj a day 

The genito-unnary tiact showed no symptoms and appeared fiee 
fiom the infection One patient show^ed fiequency wdnch was thought 
to be a reflex action to the pain and sw^ellmg of the symphysis pubis, 
which w^as involved in the disease This patient had noimal uiine 
Urinalysis in 14 cases gave essentially negative results 
There w^as no enlaigement of lymph nodes 

Blood — ^The blood w^as examined in 23 patients from the fiist day 
to the fourth w^eek of the disease The composite picture of the white 
cell elements w^as 11,500 white blood cells per cubic millimeter, 70 
per cent ploymorphonuclears , 21 per cent lymphocytes, 6 per cent laige 
monocytes , 2 per cent eosinophils, and 1 pei cent basophils 

At the onset and thioughout the disease the number of cells w^as 
lust as often above the mean as below The same can be said of the 
diffeiential count The wdnte blood cell count ^alled fioni 5,680 to 
18,888 (in a girl of 8 months) The polymoiphonuclear count ^arled 
fiom 62 to 86 per cent In babies and childien the lymphocyte count 
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was higher, varying from 9 to 32 pei cent The large mononuclears 
varied from 4 to 11 per cent, the eosinophils from none to 6 pei cent 
and the basophils from none to 2 per cent 

The led blood cell count varied from 3,728,000 to 4,456,000, the 
average being about 4,000,000 The hemoglobin langed from 65 per 
cent, in a giil of 12 in the third week of the disease, to 95 per cent in 
a man in about the same stage of the disease The average hemoglobin 
\alue was SO per cent The led cells showed some achromia, and the 
platelets m smears w^eie noimal 


Table 2 — Blood Cultwes of 17 Patients 






Day of 

Haverhill! a 


patient 

Date of Onset 

Date of Culture 

Disease 

1 Multiformis 

r A 


Jan 21 

Jan 29 

9 

+ 




Feb 18 

29 

— 

B E 


Jan 20 

Jan 23 

4 

+ 




Feb 23 

35 

— 

B L 


Jan 21 

Feb 6 

17 

+ 

E J 


Jan 13 

Jan 23 

11 

+ 




Feb 6 

25 

+ 

E M 


Jan 29 

Jan 29 

1 

+ 




Feb 6 

9 

— 

P R 


Jan 21 

Jan 25 

0 

+ 




Jan 28 

8 

+ 




Feb 10 

21 


H W 


Jan 19 

Feb 10 

23 

— 

L M 


Jan 24 

Jan 24 

1 

"T 






(Contaminated) 

L E 


Jan 20 

Jan 24 

5 

"T 

L 4 


Jan 17 

Feb 20 

35 

Overheated 

6 J 


Jan 15 

Feb 6 

23 


R 4. 


Jan 23 

Jan 24 

2 

+ 




Feb 20 

29 

Overheated 

P L 


Jan 18 

Feb 6 

20 

— 

M S 


Jan 20 

Jan 24 

5 

+ 

C 6 


Jan 21 

Feb 19 

30 

— 






(Contaminated) 

G 11 


Jan 21 

Feb 1 

12 


4 L 


Jan 22 

Feb 1 

11 

— 






(Contaminated) 


The blood piessures were essentially normal 
Blood cultures weie taken in 17 cases, with the results shown in 
table 2 

The blood cultures rveie positive in 11 of 17 cases There were 
positive cultures on the hist day of the disease and in 1 case as late 
as the twent 3 '^-fifth day The earliest negative culture was obtained 
on the ninth day of the disease The earliest positive culture that was 
followed by a negative one later was from blood which yielded a growth 
of the organism on the first day of the disease and which gave no 
groivth on the ninth Repeated blood cultures rvere done only in 6 
cases Dark-field illumination of the blood in 2 cases showed no 
Haierhilha multiformis 
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Involved Cultuies fiom taps of the joints on the ninth to 

eleventh days of the disease in 2 patients vere positive At this time both 
joints showed floating patellae The cultures veie not lepeatcd 

Roentgen examination of an infected joint on the tnenty-fiist daj 
of the disease revealed the following ihe left knee show^ed marked 
swelling of the soft tissue Hie patella w'as pushed forw^aid fiom the 
femui The posteiior part of the cartilage on the uppei aiticulai sur- 
face of the tibia had a fuzzy indistinct appeal ance Theie w'as also a 
moth-eaten appeal ance of the boidei of the external condyle of the 
left femui 

Roentgen examination lepeated on the thnty-thiid day of the dis- 
ease levealed a degree of destruction over the external condyle of the 
left knee, which seems to have inci eased since the pieMous leading 
Roentgen examination of a joint of anothei patient on the thnty-first 
daj' le^ealed a noimal condition 

Spino! Fluid — A lumbai puncluie peifoimed on the nineteenth da\ 
of the disease showed 25 cc of cleai fluid wnth some microscopic blood 

Relapse — One case of the 86 show^ed a i elapse 

Mrs D , aged 33, on January 5 vomited four or five times, and had headache, 
backache and pam in the stomach On January 6 she vomited four or five times A 
rubcllaform exanthem appeared over the extensor surfaces of the arms On Januar\ 
7, the arms were painful on motion and to the touch She could not raise her hands 
to her face or shoulders The rash was still present On January 8 swelling 
appeared with fluctuation of the left elbow, the rash was gone On January 9 
the pain in the hands, wrists, shoulder and right elbow was gone On January 
12 there w’as no pain in the left elbow, and the patient was well Nine days later 
there w'as a relapse On January 21 she vomited twice and had pain in the 
elbows and knees On January 22 she vomited once, and there were pain in the 
left elbow and stabbing pain in both elbows shooting dowm her arms to her 
isnsts An exanthem appeared on the extensor surfaces of the lower parts of the 
arms and legs and feet On January 24 the right knee was sw’ollen and tender 

I^evaditi and his co-w^oikeis lepoited relapses on the sixth and 
tenth days of the disease, each i elapse being ushered in with an eleva- 
tion of tempeiatnie, an appeal ance of a second and third eiuption 
siniilai to the fiist and inci eased pam m the joints Blood cultuies 
weie positive on the fiist two exacei bations 

Complications and Sequelae — ^The complications weie few The 
pneumonia and bionchitis that accompanied the disease in some cases 
can be classified as such, but have been described undei '‘Respiiatorj 
Jiuolvement” In one case, two days before the pneumonia appealed, 
a positive blood cultiue was obtained Whether the pneumonia w'as due 
to Haveihilhamultifoimis oi to a secondary invadei w^as not determined 
as no pnnctuie of the lung was done The pneumonia w^as bronchial 
One case showed imohement of the middle eai wnth no specific organ- 
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isni clisco\ered To^\ald the end of the covirse in 1 patient a typical 
streptococcic soie throat ^\lth membrane developed The other mild 
sore throats are described under “Respiratory Involvement ” 

The skin ovei the extremities showed desquamation, and in 2 cases 
blebs appeared around the ankles The organisms found were gram- 
positive diplococci and diphtheroids 

Of the patients in whom arthritis persisted for ovei five months, 2 
still had lecurnng pain and swelling m the previously involved joints, 
associated u-ith inclement weather, in September 1928 No changes in 
bone or cartilage were noted One of the patients seen in Septembei 
1928 stated that he used crutches for seven months Examination 
revealed a normal joint, but he stated that five days previously with 
the onset of rainy weather, the joint became swollen and painful The 
discomfort lasted for three da 3 ^s, clearing with the weather A second 
patient reported similar trouble with his joints He is at present in 
a hospital foi patients with tuberculosis A thud patient had moved 
aivay from the vicinity, and was not traced Whether the etiologic 
agent still persists in these joints is doubtful It is known that the 
blood of 2 of these patients was normal the last time blood cultures were 
made It is possible that secondary causes are maintaining the 
arthi itis 

PATHOLOGY 

Essentially nothing is known about the pathologic processes, since 
in both epidemics there weie no deaths and biopsy specimens were 
not made 

BACTERIOLOGY 

Parker and Hudson ~ found m cultures from the blood and from 
the fluid of involved joints an organism, Haverhilha multiformis, of 
variable form, appearing chiefly as rods from 2 to 15 mm long and 
from 0 2 to 0 5 mm wide, sometimes paired, often as fila- 
ments or thieads with true branching A marked chaiacteristic is the 
occurrence of a swelling oi a knob at any point in the rod, from four 
to five times the diameter of the rod This does not take the spore 
stain The oiganism does not stain well with ordinary aniline dyes, 
IS gi am-negative and nonacid-fast 

Haverhilha grows best at atmospheric oxygen pressure or under a 
partially anaerobic condition m ascitic fluid broth or on solid medium 
composed of equal parts of glycerin extract of potato and infusion 
broth to which egg yolk is added 

The organism was most virulent for white mice, which it killed in 
fiom sixteen to forty-eight hours after intraperitoneal injection Mice 
could be immunized by sublethal doses of living cultures or by dead 
cultmes against fatal doses foi control mice, this immunity persisting 
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for at least t^\o months The serum of immunized rabbits showed 
precipitms and agglutinins for the organism in dilutions up to 1 5,000, 
against all strains The absoiption of antibodies by one stiaiii was 

comjilete 


IMMUNITY 


Little evidence is available foi conclusions as to natuial oi acgtiiied 


immunit}'' 

Theie weie 231 persons in the families, in which the disease was 
lecogni/cd in 86 (37 per cent) A consideiable number of these, how- 
evei, partook of milk raiely or not at all Fifty-one insisted that they 
took no milk during Januaiy, and the majority gave a histoiy of small 
and infrequent pai taking 

Eleven families leceived milk diiectl}^ fiom the daily Of these, 
all but 1 had the disease, the exception being a family m which boil- 
ing the milk was piacticed Twentj^-six infected families received the 
same supply thiough stoies, but a lehable lecord of all who obtained 
the milk fiom the stoies could not be obtained Foui persons became 
lesidents of infected households during the epidemic The disease 
developed nr 2 of these, and the other 2 took no milk 

The study of agglutinins in the blood of patients after recovery 
and in that of the uninvolved members of the families was not under- 
taken, as continued coopeiation in getting specimens of blood, after 
the serious upsets the patients had gone through and with the complete 
removal of further danger, could not be secured 

Eighteen patients weie tested intiadeimally with a killed culture of 
the organism on May 27, 1926, fiom one hundred and twenty-foui to 
one hundied and fort) -two days after the onset Fifteen showed reac- 
tions from 1 to 3 cm in diameter Control tests with the medium 
were negative Conti ol tests on 10 persons who had not had the dis- 
ease 01 taken the contaminated milk weie negative No tests weie 
made m peisons in the infected families who escaped the disease 


DIAGNOSIS 

In epidemics it is doubtful if any difficulty in diagnosis would occur, 
even if blood cultures were not taken The picture is characterized 
by (1) abrupt onset with chills, fever, malaise, vomiting and headache, 
(2) an early eruption, rubellafoim or morbilliform, occurring hist, and 
often only, on the extieniities especially about the ankles and wrists 
and tending to become hemorrhagic, (3) a multiple arthritis of vary- 
ing, but often of a severe and crippling, degree, and (4) a fevei curve 
of abrupt use with i emission in from two to five days, and after a 
fer\ da} s of relatue freedom from S}mptoms a recurrence with which 
the aithntic manifestations appear In isolated cases, especially if 
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atypical, probably gieat clinical difficulties might occur The fiequent 
association of eiuptions with manifestations m the joints m a number 
of distinct as well as obscure conditions makes the demonstration of 
the organism by blood cultuie or puncture of the joints essential to 
1 ecognition 

Diffetenhal Diagnosis — The common contagious eruptive diseases, 
as measles, rubella and scarlet fevei, may leadily be differentiated by 
the clinical pictures 

Rheumatic arthritis ofteis no difficult}, since the peculiar remittent 
(saddleback) fevei of epidemic aithiitic erythema has no counterpart 
m iheumatic fevei There is no tendency to cardiac invohement, and 
although manifestations m the thioat are common, they tend to a 
diffuse catarrhal type of injection without exudate oi tendency to 
involve the lymphoid tissue 

There are many points of similarity with dengue The cause of the 
Chester epidemic was generally considered to be dengue The abrupt 
onset with chills, fever, headache, malaise and generalized pains, 
the 1 emission of fever after thiee or foui days with a lecunence aftei 
two or three days of normal temperature, and the morbilliform lash on 
hands and feet, forearms and lower part of the legs are common to 
both Postorbital tenderness or pain on moving the eyeballs is not 
evidenced in Haverhill fever There is no tendency to suffusion of the 
e}es or congestion of the face and no leukopenia with an increased 
percentage of lymphocytes Hematemesis and jaundice are practically 
absent The pulse rate is not especially low Moieover, theie is definite 
arthiitis in most cases of Haverhill fever, although in many, objective 
signs may be slight and larely absent The rash, while similar, does 
not tend so commonly to involve the trunk extensively, and usually 
appears in the first febrile peiiod instead of with the recurring fevei 
as 111 dengue The duiation of the secondaiy fevei and the aithntic 
symptoms is much more prolonged than m dengue and almost alwa}S 
lasts more than the two oi thiee days noted m dengue 

Blood cultures would seive for positive difteientiation of Haverhill 
fever 

During epidemics the epidemiology would seive, dengue being 
spread only by mosquitoes of the species Aedes aegypti (StegoniMa 
calopus), while Haverhill fever is spread only ( by food 

Erythema mfectiosum (Escheiich), although accompanied by pain 
m the joints, differs m that the eruption appeals on the sides of the 
face and is absent fiom the palms and soles, as well as by the develop- 
ment of larger circinate and serpiginous and coalescent lesions The 
duiation of Haveihill fevei is usually much greatei than the fevei in 
infectious erythema (from five to ten days) Febrile leactions such 
as occuried in many of our cases aie unknown m infectious eijthema 
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Jhe ciuption in ci\them<i multifoime ma} at times simulate that 
seen in Jlaeeihill fc\ei Houevei, the laiger, coalescent aieas and 
the ciieinate, seringmoiis and g}iate foims so characteristic of multi- 
forme enthema were ne\ci seen m the cases of Haverhill fever 
Imolvement in the joints in eiythema multiforme is ceitainly less likely 
to show' definite sw'clling oi to be so peisistent as that in epidemic 
ailhiitic eiythema It is piobable that some of the conditions classed 
in the large and somewhat obscuie gioup of multifoime eiythema, as 
shown by the lepoit of Levaditi, Nicolau and Pomcloux, aie leally 
identical w'lth Ha\eihill fevei 

Eiythema subitum may be excluded b}' the appeal ance of the eiup- 
tion m Mavcihill fe^el fiequently befoie the defeivescence of the initial 
level, the lecuiience of fe\ei, the aithiitis and the absence of mono- 
nucleosis 

Influen/a w'as a common diagnosis at the onset The absence of 
cough and the wudespiead cataiihal signs of influenza, the appeaiance 
of the eiuption, the lecuiient fevei wuth aithiitis and the absence of 
leukopenia distinguish Haveihill fever 

]\Ialta lc\ei gives use to some confusion, especially the foim due to 
Ihucclla aboitus Both diseases aie spiead by contaminated milk and 
.11 e chaiacteiized by tenderness and sw'elhng of the joints, as well as 
In somew'hat similai i elapsing fevei s The more abiupt onset m Havei- 
hill fevei, the shoitei initial fe\ei as w'ell as the lelatively much shoiter 
secondaiy feve’ w'ould piobably difteientiate them The involvement 
in the joints in Haveihill fevei is often peisistent, and while multiple 
does not tend to “skip about” Theie is no chaiactenstic leukopenia 
W'lth lelative lymphocytosis and no splenomegalia Neuritis and orchitis, 
so common in Malta fevei, aie absent in Haveihill fevei Blood cul- 
tuics agglutination tests with Biucella melitensis, Bi aboitus and Bi 
paiamelitensis and Buinet's intiadermal test would certainly settle any 
doubt 

Rat-bite fevei has an mteiestmg but obscuie lelationship to Havei- 
hill fe\ei It IS probable that lat-bite fe^el is due to Spirochaeta 
moisus-muiis (Futaki,i« Kaneko and Okuda,^' etc), w'hich has been 
found in the local lesions and the blood Moosei found this organ- 
1‘^m in the blood of a wild lat, Mus decumamus, and in the conjunctiva 
of lats and guinea-pigs expeiimentally inoculated thiough bites of ani- 

16 Futaki, K , Takaki, I , Tamguchi, T , and Osunii, S Spirochaeta Morsus 
Mims. N S P, the Cause of Rat-Bite FcAcr, J Exper Med 25 33, 1917 

1/ Kaneko R, and Okuda. K Contribution to the Ftiology and Pathology 
01 Rat-Bitc Feier. T E\pcr Med 2G 363, 191/ 

18 Mooser, II Spiral Organism Found in Wild Rat, J Exper Med 39 589, 
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mals sufteimg from the conjunctival and coineal infection Whether 
the cases from which Streptothnx muiis-iatti was isolated (Schott- 
muellei,® Blake,® Tunmchff represented a difteient vaiiety of infec- 
tion or were simply complicated by this oiganism lemains uncertain 
Strangen ays lecently showed that Sti eptobacillus moniliformis is 
frequently present in the nasopharynx of laboiatory rats and wild rats 
but not in the blood 

The repoited cases of lat-bite fever in which Stieptothrix muiis- 
latti has been found do not differ essentially fiom those showing Spiro- 
chaeta morsus-muris The chief characteristics are a variable incubation 
of fiom one or two days to eight weeks (Crohn ^®), but usually ovei 
two weeks, local cellulitis, lymphangitis and lymphadenitis, leukocy- 
tosis, an eiuption, usually general but at times only in the region of 
the local inflammation and often from 2 to 3 cm in diameter, more 
commonly appearing with the recurient fevei , chilliness, headache, 
pains in the muscles, tenderness of the neive tiunks, and a strikingly 
recurrent fever The febrile period usually lasts from thiee to five 
days, may be single but usually lecurs fiom thiee to ten times and 
occasionally many moie over a period of days, weeks oi months The 
symptoms abate during the afebiile peiiods and show exacerbations, 
including the eruption, with the recurient fevei No arthiitis has been 
leported 

How much difference entry of the infection thiough a wound would 
make is not now evident, but Haverhill fevei differs from lat-bite fever 
in the following characteristics the incubation period is short (so fai 
as known), leukocytosis is slight oi absent, multiple lecurrences of 
fever comparable to those in typical lat-bite fevei aie not found, the 
lash IS smaller and more unifoim in size, occuis especially on the 
extremities and does not lecur with the return of fever, and the involve- 
ment of the joints is one of the characteristic features Of course, no 
local inflammation with lymphatic involvement is piesent The mor- 
tality of Haverhill fever is nil to date as compared with about 10 per 
cent foi rat-bite fever In Levaditi’s case the eruption lecuned with 
each febiile outbreak 

PROGNOSIS 

The piognosis is good In the two epidemics of about 500 cases 
no deaths occurred As to permanent ciipphng owing to involvement 
of the joints, it is difficult to say Certainly few patients are left with 
residual effects At the end of two and a half years only 3 of the 86 
patients had symptoms men, 54, 45 and 44 years of age The first 
of these showed some contractuies of the muscles of the thigh, although 


19 Crohn, B B Rat-Bite Fever, Arch Int Med 15 1014 dune) 1915 
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the swelling’ in the knee had subsided cntiiel} On the eighty-fifth da} 
of illness the x-ray picture showed a consideiable degree of atroph} 
of bones and narrowing of the aiticulai space but no othei positive 
change about the joint An earhei leport on the thirty-thiid day of 
the disease stated that theie was a degree of destruction ovei the exter- 
nal condyle of the femur The patient was discharged from bed At 
bis age, although all othci joints have cleaied, there appears to be 
little chance of his evci being fully well again Of the other 2 men, 
1 recently examined duiing the absence of swelling or pain showed no 
defoimity oi limitation of motion of any of the joints 

The aithritis of the childien and young adults has all cleaied It can 
be concluded that eaily age favois the piognosis, foi only 29 per cent 
of the patients under the age of 21 showed involvement of the joints 
at the end of eight weeks m comparison with 58 per cent of those ovei 
21, a latio of 1 2 Whether the joints that ha^e been infected and 
healed aie more susceptible to fuithei mvohement in latei life is to 
be determined through the passing of time 

rROPHYL\XIS AND TREATMENT 

Pasteui 1 /ation of milk supplies should be lequued Whethei the 
disease can be spread by othei means is not known, but othei lav foods 
obviously might be factors No contagion "was evident 

No specific treatment was found The patients had been tieated 
expectantly with salicylates in vaiious foims and hypnotics Narcotics 
weie fieely used 

Oui obseivations weie begun thiee weeks after the outbieak of 
the disease when relatively few cases weie available for theiapeutic 
study Sodium salicylate, acetylsahcyhc acid and strontium weie admin- 
isteied to the point of toxicity without relief Quinine and the iodides 
also gave no definite lesult To 1 patient still acutely sick m the third 
veek 0 59 Gm of neoaisphenamine was gnen inti a^ enously The tem- 
peiatuie diopped to 96 F , but rose m four hours to 100 F The 
patient was slightly bettei the next day There vas no change in the 
aithiitis, which peisisted in his case for months One patient in 
the fouith week received 5 cc of a 1 pei cent mercuiochiome solution 
intravenousl} , an houi latei there occuiied a se\eie chill lasting for 
thnt}-fi\e minutes followed by vomiting The tempeiatuie lose to 
1042 F. to letiiin vithin foui hours to the pieiious le\el Theie nas 

no lmpro^ement in the condition m the joints or m the tempeiature 
curve 

Immobilization of the infected joints nas usually done vith supports 

and pillovs Splints were not usualh used paitly owing to the limita- 
tions of work in the field 
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Decubitus had to be carefull}'^ guarded against Diathermy and 
radiation treatments were used in some of the hospital cases by Dr 
McFee with some symptomatic relief but little apparent effect on the 
course of the arthritis Some contracture developed in the worst case, 
but great difficulty was found in managing the patient The usual 
treatment of rest, high intake of fluid, oral hygiene, simple antiseptic 
sprajs tor the throat and occasionally oity sprays was followed 

SUMMARY 

An epidemic of a disease, appaiently a new clinical entity, named 
epidemic arthritic erythema or Haverhill fever is described It is char- 
acterized by an abrupt onset, often with a chill, a rubellaform to morbil- 
liform eruption, often scanty, chiefly on the extremities, with a tendency 
toward hemorrhage into the lesions, and an inflammation of the joints 
with marked pain and tenderness not infrequently of prolonged duration 

The disease occurred as a markedly localized epidemic and was 
undoubtedly spread through the raw milk supply 

An organism, described only once before, is believed to be the cause, 
having been found m the blood stream in 11 of the 17 cases in which 
the blood was cultured and m the fluid of the joint in the 2 cases in 
which the fluid was cultured 

Agglutinins were present in the blood of the infected persons but 
absent in the controls 

Cutaneous reactions to killed suspensions were present in 83 per 
cent of the patients tested late in convalescence, although absent in the 
controls 

Although crippling may be marked for a time, recovery tends to 
occui m from one to two months, with a small number of patients 
ha\mg persistent joint symptoms No fatalities occuried 



EFFECT OF THEOBROMINE ON PERIPHERAL 
VASCULAR DISEASE 

CLINICAL OBSERVATIONS 

GEORGE W SCUPHAM, MD 

CHICAGO 

Foi d numbei of yeais the puiine-base gioup of drugs has been 
widely used in the treatment of angina pectoris The fact that the s}mp- 
toms of this disorder can often be relieved foi long periods of time by 
these diugs ^ seemed to indicate that they might be useful in the tieat- 
ment of peripheial arterial disease 

Dock had noted that the pain of intei niittent claudication was some- 
times lelieved by theobiomine," and in the lepoits of the Council on 
Phaimacy and Chemistry of the Ameiican Medical Association it is 
stated that claims for the occasional relief of pain by theobromine and 
theophylline preparations in angina and similai lancinating pains may be 
peimitted 

Diseases of the peiipheral aiteries also ofteied the oppoitunity of 
estimating to some extent, at least, objective evidence of impiovement 
as well as subjective relief of symptoms The objective cnteiia 
employed were the simple ones usually used m diagnosis and consisted 
of the appeal ance of the affected part, such as the change m color at a 
constant level and with a change in position, the presence or absence of 
hwelling and the degree of integrity of the tissues Other objective 
meastiies used were demonstration of the condition of the superficial 
vessels by palpation and inspection and the measurement of the surface 
temperatuie 

The last-mentioned ciiteiion ivas thought to be faiily reliable and to 
fninish the opportunity foi some quantitative estimation For this pur- 
pose determinations of cutaneous temperature were made m all of the 
cases by means of a theimo-electnc couple of the common type The 
lesiilts of observation were then compared and con elated with the sub- 
jective symptoms 

From the Medical Services of St Luke’s and Cook County Hospitals 

1 Gilbert, N C, and Kerr, J A Clinical Results in the Treatment of 
Angina Pectoris with the Purine-Base Diuretics, J A M A 92 201 Han 19 J 
1929 

2 Dock, W The Use of Theobromine for Pain of Arteriosclerotic Origin. 
California & West Aled 25 636 (No\ ) 1926 

3 Reports of the Council on Pharmaci and Chemistry Therapeutic Claims 
for Theobromine and Theoplnlline Preparations, J A M A 94 1306 (April 26) 
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Obser\ations "were made under uniform conditions of room tempei- 
ature, posture of the patient and rest The locations at which temper- 
ature readings were taken were always the same Readings were 
recorded only aftei the patient had been in the loom for a minimum 
period of one-half hour or until the temperature readings became con- 
stant Air currents were eliminated as much as possible No attempt 
was made to control humidity, but it is believed that the conditions for 
dispersion of heat were uniform 

The apparatus was demonstrated to be accuiate to 0 1 degiee C 
(0 18 degree F ) , but no attention was paid to changes of less than 0 5 
degree C (0 9 degree F ), which allows a reasonable limit for error 

Early in the course of this work several drugs were used, including 
caffeine, theophylline ^ and others, but the best results seemed to be 
obtained with theobromine or theobromine sodium-acetate, and it is only 
the results with these preparations which are being reported 

The clinical material studied could be divided into three groups 
These were arteriosclerosis with symptoms of intermittent claudication 
or with impairment of integrity of the tissues , thrombo-angiitis 
obliterans, presenting the same symptomatology, and functional distur- 
bances, including Raynaud’s disease and acrocyanosis 

In the functional group, no improvement could be shown In one 
typical case of Raynaud’s disease, study of the effect of theobromine 
therapy over a period of six weeks showed no subjective improvement, 
and temperature readings showed a wide fluctuation from day to day 
The only conclusion to be drawn was that theobiomme was without 
effect in improving this condition 

Several cases of acrocyanosis were similarly studied No improve- 
ment could be demonstrated The red-blue color and puffy swelling 
of the hands in all of the cases were unchanged, and no rise m cuta- 
neous temperature could be demonstrated even after prolonged adminis- 
tration of the drug 

In the groups of arterial diseases, the results were much more 
promising, but not all weie successful The following cases have been 
selected as typical 

REPORT OF CASES 

Case 1 — A white woman, aged 74, entered St Luke’s Hospital complaining of 
constant severe pain in the right foot and toe, which was worse when the foot 
was dependent It was impossible for her to walk About a week before she 
had noticed swelling of the toe and a dusky red color, she thought that there 
was an infection about the nail The pain continued and was often worse at 
night, sometimes assuming a cramplike character in the foot During the previous 
winter she had noted difficulty in keeping her feet warm, the right one seemed 

4 Also theophylline made soluble bj ethylenediamine 
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particularly affected She had previously been under observation in the cardiac 
clinic for arteriosclerotic disease of the heart and auricular fibrillation 

Examination showed a well marked general arteriosclerosis of the senile type in 
a frail, small elderly woman The heart showed moderate enlargement and auric- 
ular fibrillation which was well compensated without digitalis at the time The 
right foot was cold and bluish red, and the great toe dusky There was a marked 
biphasic color reaction, with pallor on elevation The toe showed puffy swelling, 
the nail was loose, and there was a seropurulent discharge from the nail bed 
There were no arterial pulsations palpable in either foot The right foot' was 
much colder than the left Roentgen examination of the feet showed marked 
calcification of the vessels of both feet 

This patient was under close observation in the hospital from May 21 to Sep- 
tember 4, and then in the outpatient department until April 16, of the following 
year Frequent cutaneous temperatures were recorded 

Table 1 — Aiteuosclei osis with Ulceiahon of the Fust Toe of the Right 
Foot and Loss of the Nail (Case 1)^ 


Average Temperature, C 


Period of Observation 

Right 

Left 

Appearance and Symptoms 

Control, 17 days 

28 9 

314 

Color change marked, toe painful 

Theobromine sodium acetate, 

3 Gm dally for 21 days 

31 29 

3319 

Pam less severe, color better, toe 
improving 

Theobromine sodium acetate 
discontinued for 15 days 

30 2 

32 6 

Much better, toe nearly healed 

Sodium acetate, 3 Gm daily 
for 12 days 

30 2 

32 4 

Xo pain, able to walk 

Theobromine (alkaloid), 1 

Gm daily for 19 days 

31 1 

32 9 


Theobromine discontinued for 

10 days 

301 

32 4 

Poot in good condition, new nail 
grown, patient discharged taking 
2 Gm of theobromine sodium 
acetate daily 


* There was no medication other than that recorded except codeine for the relief of pain 
The patient was confined to bed Temperatures were taken on the dorsal surface of the feet 
proximal to the first toe 


During a control period of seventeen days the average temperature taken on 
the dorsal surface of the feet proximal to the first toe was 28 9 C (84 F ) for 
the right and 31 4 C (88 5 F ) for the left During this time the foot looked 
bad, and the patient required sedatives for the relief of pain Theobromine 
sodium-acetate was begun on June 7 (3 Gm daily divided into three doses and 
continued for twenty-one days) During this period the average temperature rose 
to right, 31 29 C (88 32 F ) , left, 33 4 (92 IF) There was still pain, but it was 
less severe, and by June 23 the patient was comfortable, no sedative was neces- 
sary, and the color of the foot looked better No other treatment was used except 
to protect the foot from pressure During this period the maximum temperature 
was 32 C (89 6 F ) for the affected foot, a rise of 3 1 degree C (5 6 degrees F ) 
above the control average 

Theobromine was discontinued from July 2 to July 17, with the average tem- 
perature falling to right, 30 2 C (86 3 F ) and, left, 32 6 C (90 6 F ) Although 
the foot continued to improve, medication was continued again with a slight uni- 
form rise and fall following its cessation By July 29, the patient was able to 
walk and had no pain at night The foot still showed change in color and loss 
of heat By September 4, a new nail had grown, there was no discomfort, and 
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the patient was discharged taking theobromine sodium-acetate, 2 Gm dail>, at 
intervals, with no gastric distress In February of the next year, pain returned, 
and observations were renewed for three months I was again able to show a 
corresponding rise in temperature and clinical improvement during theobromine 
therapy for a time, but later complete relief was impossible Coronary thrombosis 
finally caused death 

As shown in table 1, sodium acetate was substituted for the theobromine salt 
for twelve days following a period of no medication There was no rise m tem- 
perature during this period 

Case 2 — A white man, aged 59, said that he was able to walk slowly only 
about one-half block He had a severe cramplike pain in the calf of the left leg, 
which forced him to stop for a few minutes, after which he was able to walk 
again He had coronary thrombosis two years before and angina pectoris until 
recently, when precordial pain disappeared and auricular fibrillation set in He 
had been having intermittent claudication for about three months There was no 
impairment of integrity of the tissues , the dorsalis pedis and posterior tibial arteries 

Table 2 — Ai tei losclei osis zmth Intei miiient Claudication (Case 2)’^ 


A\ erage Temperature, C 


Period of Observ ation 

Right 

Left 

Appearance and Sj mptoms 

Control, 5 days 

30 1 

27 9 

Able to ivalk less than 1 block 
without pain 

Theobromine sodium acetate, 

S Gm daily for 7 days 

31 8 

30 9 

No claudication walking about 
ward, discharged to outpatient 
department 

Theobromine sodium acetate, 

2 Gm daily for 14 days 

316 

30 9 

■Walked 4 blocks without pain, feet 
hot and burning at night 

Theobromine sodium acetate, 

2 Gm daily for 30 days 



Some aching m the left leg able to 
walk 3 blocks, feet warm at night 


* Temperatures Here tal^en on the plantar surface of the first toes The room temperature 
■ft as 25 5 O 

could not be palpated on the left foot but were good on the right There was 
definite loss of heat During a three day control period, cutaneous temperature 
taken over the base of the first toe showed an average for the left foot of 27 9 C 
(82 2 F) and for the right, 30 1 C (861 F) Theobromine sodium-acetate was 
given, 3 Gm daily, -with a rise to a maximum temperature of 31 6 C (88 8 F ) on 
the affected foot, which nearly equaled that on the other The average for a 
period of eight days on this dose was 309 C (87 6 F ), an average rise of nearly 
3 degrees C (5 4 degrees F ) At this time the patient w^as discharged from the 
hospital He had no pain when walking about the ward and was able to walk 
four blocks wuthout stopping Because of gastric distress the dose was reduced 
to 2 Gm daily, and observations were continued at weekly intervals The increase 
in temperature was fairly w^ell maintained until the patient discharged himself 
He was able to walk five or six blocks as rapidly as cardiac dyspnea allowed him to 
During the period of maximum dosage he complained of a burning sensation at 
night in the feet and legs which has been a common complaint when rather large 
doses are being taken 

Case 3 — ^A woman, aged 60, with senile arterioclerosis and varicose v^eins 
complained of pains in the legs, swelling, discoloration and tenderness She could 
not sleep well at night because of the pain in the legs, which was more or less 
constant, and she w’^as unable to walk because of weakness She had been under 
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observation in the cardiac clinic for arteriosclerotic disease of the heart and 
auricular fibrillation The feet showed marked varicosities, a dusky reddish-blue 
color, puffy swelling and pigmentation Arterial pulsations could not be palpated 
There was no impairment of the integrity of the tissues Roentgenograms showed 
marked calcification of the \essels in the legs There w'as definite loss of heat, 
about the same in both feet During a tw'enty-five day period of observation no 
subjective improvement could be shown, nor was there an increase in surface tem- 
perature, which fluctuated wuthin a moderate range 

Case 4 — F H , aged 42, a white man with thrombo-angiitis obliterans, com- 
plained of intermittent claudication Left lumbar sympathectomy had been 
performed one year previously by Dr Loyal Davis Following lumbar sympathec- 
tomy the symptoms of Buerger’s disease in the left leg and foot had disappeared, 
and he had been able to work wnthout discomfort until about two months before, 
when he began to ha\e pain in the calf of the right leg when walking The foot 
became cold and show'cd a dusk}' discoloration The patient was unable to walk 
more than tw'O blocks without being required to rest, after which the cramplike 


Table 3 — Ai tei tosclei osts and Vaiicose Veins (Case S)* 



Average Temperature, C 


Period of Observation 

Kight 

Left 

Appearance and Sjmptoras 

Control, 7 days 

26 7 

27 0 

Teet cold and mottled, veins 
dilated, weakness and aching in legs 
during walking 

Theobromine sodium acetate, 

3 to 3 7 Gm daily for 11 daj s 

24 0 

24 7 

No change in appearance or symp 
toms 

Theobromine sodium aeetnte 
stopped for 6 days 

25 0 

231 

No change 

Theobromine sodium acetate, 

2 7Gm daily for 7 days 

24 S 

24 8 

No subjective or objective change 


* Tlio patient was hospitalized and liept in bed for the first period of therapv Tempera 
tures tnLen on the plantar surface of the first toe remained constantly belon the average 
room temperature of 25 5 C 


pain W'ould stop and he could continue Roentgenograms show'ed little evidence 
of arteriosclerosis The left leg and foot were warm and dry, and perspiration 
was not evident The color was pink and the circulation appeared to be good The 
dorsahs pedis artery was faintly palpable The right foot was cold and moist 
and showed a dusky, bluish-red color of the toe when the foot was dependent, 
which changed to white when the foot was elevated There were no arterial pulsa- 
tions to be detected below the popliteal artery The patient was under observation 
for four months During the initial control period the surface temperature aver- 
aged 28 6 C (83 4 F ) on the dorsal surface proximal to first toe , that of the 
toe itself averaged 27 C (80 6 F ) The readings over various areas on the 
left foot were about equal, with an average of 31 8 C (89 2 F ) on the toe The 
surface temperature on the dorsum of the foot after ten da}'S during which theo- 
bromine sodium-acetate was administered reached 326 C (9068 F), the maximum 
for the period of administration, which covered thirty-three days, with the dosage 
varying from 2 to 3 Gm daily During the first ten days the patient was able 
to walk five blocks, pain at night had nearly disappeared The maximum dis- 
tance he was able to walk was six blocks With the higher dosage he also 
complained of a seiere burning sensation m the affected leg at night The sympa- 
thectomized leg showed a smaller increase m temperature, reaching a maximum of 
7 degrees C (3 degrees F ) above the average, and with an average increase for 
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the period of 0 6 degree C (1 degree F ) With cessation of therapy there was 
a fall in temperature on the affected foot to approximately the control levels, but 
sjmptoms of intermittent claudication did not return to the previous degree of 
severity for thirty-four days, although the distance the patient could walk w'as 
gradually diminished 

With restoration of therapy there was again a rise in temperature, and the 
patient was able to walk five blocks 

Case 5 — Charles T , a white man, aged 53, with thrombo-angiitis obliterans, 
entered St Luke’s Hospital on March 1, 1930, with a history of pain in the right 
foot and toe for six months Pam was constant day and night, requiring sedatives 
daily and morphine at night The foot was badly discolored and cold, with 
beginning gangrene involving the first toe The arteries of the feet were not 

Table 4 — Thi ombo-Angutis Obhtetans with Previous Left Lumbar 
Sympathectomy (Case 4)* 


Average Temperature, C 

Ji 


Period of Observation 

Right 

Left 

Appearance and Symptoms 

Control period, 2 davs 

27 0 

32 0 

Intermittent claudication unable to 
walk 2 blocks at slow gait without 
pam, typical color reactions, arte 
rial pulsations absent 

Theobromine sodium acetate, 

3 Gm daily for 36 days 

29 6 

32 8 

Able to walk from 5 to 6 blocks 
slowly without pain even in cold 
wet weather complained of burning 
sensations in the legs, worse in 
the right 

Theobromine sodium acetate 
discontinued for 34 days be 
cause of burning sensation at 
night 

27 4 

816 

Comfortable for a time but at end 
of period pam returned, 2 blocks 
the limit when walking without 
stopping for rest 

Theobromine sodium acetate, 

3 Gm daily for 22 days 

30 0 

312 

Improved as before, color better 
able to walk about 5 blocks, but 
not entirely without pam 


* Temperatures "were taken on the dorsal surface of the feet proximal to the first toe 
The room temperature was ^50 This patient complained of severe burning sensations in 
both legs during the periods of administration of theobromine The individual temperature 
readings showed more fiuotuation than was usual, possibly because the patient was under 
ob'-ervation during cold winter weather 

palpable, and roentgenograms showed no evidence of calcification The patient 
could not walk Theobromine sodium-acetate was without favorable response 
There was no subjective relief or a rise in surface temperature It was impos- 
sible to demonstrate vasodilatation, by foreign protein fever or by spinal anes- 
thesia It was therefore assumed that there w'as complete occlusion of the 
peripheral arteries of the foot 

Case 6 — H A , aged 33, a white man with thrombo-angiitis obliterans, 
entered Cook County Hospital complaining of pain in the right foot and great 
toe There were swelling and discoloration of the toes of the right foot, with 
beginning gangrene in the first toe The illness was of thirteen days’ duration, 
following an alcoholic debauch Roentgenograms showed no calcification of the 
vessels The changes m color were well marked The arteries were not papable It 
was impossible to maintain uniform room temperatures in this case, and the cutane- 
ous temperatures showed less uniformity of response There was an initial rise from 
the control level of 29 8 C (85 6 F ) on the affected side and 32 3 C (90 IF) 
on the left to a maximum of 31 6 C and 33 2 C (91 7 F ) respectively The 
average for the period of observation was 31 5 C (88 7 F ) for the affected foot 
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and 32 8 C (91 F ) for the other Ihere was no appreciable fall after theobromine 
was discontinued, during the period of observation Relief from pain was prompt 
and complete The foot improved remarkably m appearance, and a line ot 
demarcation formed which was distal to what was expected before this therapy 
was instituted The toes were amputated later, and the wounds healed, although 
slowly The patient left the hospital without complaint of pain 

COMMENT 

The material presented has been selected from a group of cases 
obseived during the past five years For many of these cases complete 



Roentgen appearance of the vessels in case 1 In tlie left or unaffected foot 
{^) the artery appears to be completely calcified, while in the right foot (R) 
there is only patchy calcification This foot was colder than the left and painful, 
and show'ed loss of integrity of tissue in the first toe 

data have not been recoided, but the clinical results of the use of theo- 
bromine and Its salts in conjunction with other forms of treatment in 
aiteiioscleiotic disease of the peripheral arteries and thrombo-angiitis 
obliteians liaAe been sufficiently favorable to demonstrate its value 

It IS paiticularly applicable to cases of arterial disease in the aged, 
111 whom more energetic methods are impossible As in case 1 , a vari- 
able amount of relief may be provided over rather long peiiods of time, 
if there is sufficient capacity for dilatation of the affected vessels 
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It IS interesting to note that in this case roentgenograms demonstrated 
only a patch}' calcification in the vessels of the affected foot, while in 
the other foot, w'hich was symptom-free, the calcification was more 
nearly continuous (figure) It might be supposed that under such 
conditions a vessel the w^all of which was completely calcified would be 
incapable of constriction or dilatation, while, on the other hand, a patchy 
sclerosis might result in increased irritability and consequently angio- 
spasm with ischemia to the tissue supplied It is in cases of this type 
that benefit from theobromine may be expected 

In thrombo-angiitis obliterans a similar set of conditions may exist 
In eaily cases in which occlusion is not too extensive and in which there 
IS a large element of angiospasm, theobromine given m sufficient amounts 
has been successful in bringing symptomatic relief as well as restoration 
of minor degrees of impairment of tissues This has been observed par- 
ticularly in instances of involvement of the upper extremities Case 5 
clearly shows that when organic impairment of the larger vessels is 
extensive, no objective or subjective improvement occurs In this case 
it was impossible to demonstrate an element of angiospasm The failure 
in case 3 can be explained on a like basis 

It IS, however, unfortunately true that many patients in whom a 
good response was expected failed to improve This has been par- 
ticularly true in cases of diabetic arteriosclerosis and gangrene In none 
of these cases has it been evident that theobromine was responsible for 
improvement that could not be accounted for by proper control of the 
diabetes and the complicating infection 

The mode and location of the action of these drugs can only be 
surmised The fact that they are without effect in purely functional 
disorders, as m Raynaud’s disease, and are most active in disease of the 
medium-sized and smaller arteries, where an element of angiospasm ma} 
exist, suggests that the effect may be a local one, possibly that of 
1 educing the increased iiritability of the musculatuie of the diseased 
vessel wall This interpietation is in agreement with the views of 
Sollmann and Pilchei , ivho stated that caffeine is a vasodilator acting by 
peripheral inhibition of vasoconstriction ® It is likewise interesting to 
note that the coronarj^ arteries aie of the same class of vessels 

CONCLUSIONS 

1 Theobiomine and its salts, particularly theobromine sodium- 
acetate, act as peripheral vasodilators 

2 They are useful m the treatment of peripheral arteriosclerosis and 
early cases of thrombo-angiitis obliterans in which there is a large ele- 

5 Sollmann, T , and Pilcher, J D The Actions of Caffein on the Mammalian 
Circulation, J Pharmacol & Evper Therap 3 19, 1911 
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ment of angiospasm Their use results in subjective improvement in 
inteimittent claudication, and repair of loss of tissue integrity has 
been noted 

3 They are not effective m all cases, but the results obtained with 
them are sufficiently good to make them a valuable adjunct in the treat- 
ment of peripheral vascular diseases 



CHANGES IN THE CENTRAL NERVOUS SYSTEM 
RESULTING FROM CONVULSIONS DUE 
TO HYPERINSULINISM 

DAVID M GRAYZEL, PhD, MD 

NEW HAVEN, CONN 

A senes of experiments with animals was designed to investigate 
whether or not repeated convulsions for varying periods of time, induced 
artificially by the production of hyperinsuhmsm, would lead to organic 
lesions in the brain Convulsions aie geneially classified as orgamc when 
there are associated with them demonstrable intracranial pathologic con- 
ditions, and as functional when no such evidence exists 

It IS still a question whether convulsions per se lead to definite 
organic cerebral lesions Spielmeyer ^ showed that focal anatomic 
lesions of the necrobiotic type in the brain can result from a purely 
functional ciiculatory disturbance Furthermore, he noted similar 
lesions associated with convulsions in a v'^anety of intoxications, such as 
eclampsia of pregnancy, pseudo-uiemia, carbon monoxide intoxication, 
chlorofoim naicosis and infections, in none of which theie was any 
organic occlusion of a ceiebral vessel All of these he regarded as due 
to vasomotor disturbances 

Foster Kennedy, in a discussion of Spielmeyer’s paper,^’’ described 
the occurrence of marked ceiebral ischemia dining an epileptic fit 
This clinical observation was made by him on a patient whose biain was 
exposed during an operation under local anesthesia 

The importance of this subject, and the meagerness of knowledge 
concerning the effects on the central nervous system of convulsions of 
varying intensity, duration and fiequenc)q led us to undertake this study 

PROCEDURE 

Fourteen rabbits, weighing from 2 to 5 pounds (0 9 to 2 3 Kg ), were employed 
in this study and were fed the regular stock diet Convulsions were produced bj 
the intravenous injection of insulin into animals which had previously fasted for 
eighteen hours The dosage of insulin required to produce an attack varied con- 
siderably (from 2 to 12 units) for different rabbits In certain mstances it was 
found necessary during the course of the experiment to increase the dose to bring 
about an attack The convulsions, as a rule, set in from two to six hours after 
injection of the insulin The animals were allowed to remain in convulsions for 

From the Department of Pathology, Yale Universit 3 ’^ School of Medicine 

1 Spielmeyer, W (a) J Ment Sc 76 641, 1930, (b) J Nerv & Ment 
Dis 71 293, 1930, (c) Anatomic Substratum of Convulsive State, Arch Neurol 
& Psychiat 23 869 (May) 1930 
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j)criocls ranging from three minutes to several hours The convulsions were then 
terminated by the intravenous administration of 10 cc of SO per cent dextrose 
Two or three days were allowed to elapse between successne injections of insulin 
into the same animal \Vhene\er possible the experiment was conducted over a 
period of about three months At the close of the experiments the animals were 
killed with ether, and autopsy was performed within two hours Blocks of tissue 
for histologic examination were taken from the medulla, pons, cerebellum, basal 
ganglions and frontal, parietal and temporal lobes They were fixed in 95 per 
cent alcohol and stained with toluidine blue by Nissl’s method The lesions were 
arbitrarily graded from — to + + + +, depending on the severity of the changes 
noted in the preparations 
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Fig I — A shrunken hyperchromatic ganglion cell showing a corkscrew process 
staining for a long distance Nissl stain , X 750 


RESULTS 

Gross inspection of the brains at neci opsj revealed, no changes 
Both hemispheies weie symmeti ical , the convolutions and sulci, respec- 
tive!}, weie of the usual width and depth There weie no large or 
petechial hemoiihages and no edema The microscopic pictures, which 

varied wnth the seventy of the lesions, were giaded fiom — to — j j \- 

hy the following criteria 

No abnormal cells were found in any of the preparations 
— + Onlv occasional shrunken, hyperchromatic cells with corkscrew processes 
tliat stained for long distances were seen scattered among the nerve cells 
of the third and fifth cortical lajers Figure 1 is a photomicrograph of 
such a cell 



Fig 2 — A zone showing many shrunken cells with corkscrew processes Nissl 
stain, X 125 



Fig 3 — A zone of necrobiosis in which the cells stain poorly and faintly or are 
completely gone Nissl stain, X 125 
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4- Definite but disseminated small zones showing these cells were found 
m the cerebral cortex 

-f-+ Many more such zones were present, and each contained many more 
shrunken, hyperchromatic cells Figure 2 is a photomicrograph of such a 
zone 

In addition to these zones, areas of necrobiosis w'ere present m wmich 
many cells w’cre completely absent or poorlj stained Figure 3 is a 
photomicrograph of such a zone 

The zones of necrobiosis were more extensive, and there was in addition 
a marked glial proliferation m these regions Figure 4 is a photomicro- 
graph of such a zone Few' nerve cells and many glia cells are seen in 
this figure, as contrasted w'lth figure 5, w'hich is from a comparable 



Fig 4 — A zone of necrobiosis, showing more extensne lesion with marked 
glial proliferation Nissl stain, X 75 


normal region under the same magnification from the opposite side of the 
same animal Figure 6 show’s more clearly under higher magnification 
the type of cells present m the necrobiotic area showm in figure 4 

The lesults of these expei intents aie show’n in the table Rabbit 4 
icceived tbiiteen injections of units of insulin, and at no time 
manifested eithei coiniilsions or tiemois On the twenty-second day 
encephalitis set m The animal was killed and autops}’ w’as performed 
the same evening Examination of the biam showed only the lesions 
of encephalitis Rabbit 3 lecened thiity-four injections of units of 
insulin otei a peiiod of one hundred and four days and onl} once mam- 




Fig 5 — A normal area comparable to that m figure 4 from the opposite side of 
the same animal Nissl stain, X 75 



Fig 6 — A portion of the zone m figure 4, showing the type of cells Many 
glia cells and a few nerve cells are seen Nissl stain , X 500 
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fcsled ticmois for lhirt> minutes Theie were no pathologic changes 
in the brain Rabbits 5, 1 and 9 showed only minimal changes m the 
biam Of these, labbit 5, inoculated thirty-one times during the course 
of out hundicd and five days, displayed two slight convulsions lasting 
thicc and thirty minutes, icspectively Rabbit 1 received four injec- 
tions ovei a peiiod of ten days and had two seveie convulsions, during 
the last of which it sufleied a fractuie of the spine, with lesulting 
p.iialysis of the hindlegs Rabbit 9 was given twenty-one injections, 
and with the dosage employed (from 4 to 6 units) it was possible to 


Insulvi Dosage, Duration and Seventy of Convulsion and Extent of Lesion 
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pioduce only one seveie convulsion lasting fifteen minutes However, 
the animal did display tremois on eleven othei occasions The other 
rabbits (6, 8, 2, 7 , 10, 11, 14, 13 and 12), all of whom had severe con- 
vulsions one 01 moie times for vaiiable periods of time, showed definite 
anatomic lesions, as seen in the table Rabbit 14 showed many small 
foci of necrobiosis of the coitical ganglion cells and many moie shrunken 
cells than did the pieceding animals It did not, howevei, show the 
extensive zones of necrobiosis and the glial prolifeiation in these regions 
seen in labbits 13 and 12 Rabbit 12 showed marked glial proliferation 
m the extensive neci obiotic ai eas Many shrunken cells were also found 
scattered thioughout all the pieparations of this animal Rabbit 13 
sliowed lesions siinilai to those foi med in the preceding animal In addi- 
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tion, however, it showed the exudative lesions of spontaneous encepha- 
litis, although clinically it manifested no symptoms of this disease 

The lesions of spontaneous encephalitis in rabbits cannot be con- 
fused with those found in these experiments The former are of an 
exudative charactei, and consist of focal accumulations of small round 
cells, with some edema and necrosis They do not cause the changes 
in the pyramidal cells noted here, nor are they characterized by necro- 
biotic changes 

COMMENT 

It is quite apparent from these results that animals which have not 
had convulsions, or only slight ones on a few occasions, show either 
minimal or no cerebral changes, regardless of the number of injections 
of insulin they have received However, even one convulsion, if pro- 
longed and severe enough, may produce definite lesions in the central 
nervous system Furthermore, the more prolonged or the more severe 
the convulsions, the more extensive are the lesions found, provided the 
animals are permitted to live long enough for the changes to develop 
Popper and Jahoda “ expressed the belief that insulin contains a com- 
ponent which directly affects the central nervous system so as to pro- 
duce convulsions They base this opinion on their own work and the 
work of others in which the convulsive effects of insulin were neutral- 
ized by the administration of caffeine, liquid petrolatum and other 
substances without in any way affecting the blood sugar Others feel 
that the convulsions may be due to cerebral anemia Several workers 
noted the fact that anoxemia of the brain, if prolonged and severe, is 
regularly followed by convulsions Gildea and Cobb ® described lesions 
very similar to those seen in our experiments which they produced by 
ligating the carotid arteries of cats What the exact mechanism is which 
produces the cerebral lesions in the rabbits cannot be stated definitely, 
but it seems to me that during the convulsions some circulatory distur- 
bance takes place, with consequent anoxemia of the brain During the 
moie severe convulsions, these peiiods of anoxemia are sufficiently 
prolonged to cause the cerebral changes 

SUMMARY 

1 Fourteen rabbits were employed in these experiments 

2 Rabbits which did not have convulsions showed no lesions in the 
brain 

3 Rabbits which had slight convulsions showed minimal or no 
changes m the brain 

2 Popper, L, and Jahoda, S Klin Wchnschr 9 1585, 1930 

3 Gildea, E F , and Cobb, S Effects of Anemia on Central Cortex of Cat, 
Arch Neurol & Psychiat 23 876 (May) 1930 
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4 Rabbits which had severe convulsions one or moie times showed 
definite anatomic lesions in the central nervous system 

5 The greatei the numbei and the more prolonged the convulsions, 
the more severe were the lesions 

6 The milder lesions consisted of zones containing shi unken hyper- 
chromatic cells with corkscrew piocesses The more severe lesions 
showed, in addition, zones of neciobiosis The cells particulaily mvolv^ed 
vv^ere the pyramidal cells of the third and fifth cortical layers 



HEPATITIS AND CHOLECYSTITIS IN THE COURSE 
OF BRUCELLA INFECTION 

REPORT OF A CASE 

STACY R METTIER, MD 

AND 

WILLIAM J KERR, MD 

SAN FRANCISCO 

Brucella infection in man is a relatively common disease in the 
United States, as shown by the increasing number of reports from all 
parts of the country In the numerous clinical reports on the subject 
there is, however, relatively little to be found concerning the visceral 
manifestations of the disease in man Clinically, m a few reported 
cases abdominal pain has been the predominant symptom and has led to 
the consideration of cholecystitis or appendicitis as the possible diagnosis 
Simpson^ has recorded twelve appendectomies and two cholecystec- 
tomies performed on patients with undulant fever In two of the cases 
studied by Hardy and Ins associates ^ a diagnosis of cholecystitis was 
seriously considered Leavell and Amoss ^ reported a case of brucelliasis 
m a patient whose illness was complicated by cholecystitis, and from 
whose bile they were able to isolate Brucella organisms In their article 
they include the case reported by Bull and Gram in 1911 In addition, 
Amoss * studied two other patients with brucelliasis on whom chole- 
cystectomies weie performed 

The following case is recorded on account of its laiity, certain 
unusual features m the clinical picture and the relief afforded the patient 
by operation The patient had an illness of several months’ duration 
charactei ized b}^ leukopenia and an undulating fevei 

REPORT OF A CASE 

History — W O , an American, aged 57, married, an animal caretaker, was 
admitted to the University of California Hospital on Feb 12, 1931, complaining 
of weakness, cough and fever He had been well until three weeks before 

From the Division of Medicine, Medical School, and Hooper Foundation, 
University of California 

1 Simpson, W M , and Bowers, L G Surgical Aspects of Undulant Fever, 
Am J Surg 7 597, 1929 

2 Hardy, A V , Gordon, C F , Borts, F H , and Hardy, G C Undulant 
Fever with Special Reference to Study of Brucella Infection in Iowa, Bull Nat 
Inst Health no 158, 1930 

3 Leavell, H R , and Amoss, H L Brucella Infection Case Report , 
Cultivation of Brucella from Bile, Am J M Sc 181 96, 1931 

4 Amoss, H L Localization of Brucella, Internal Clin 4 93, 1931 
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admission, when he was seized with a se\ere sharp pain in the right side of the 
chest, accompanied h\ a “shaking ’ chill, headache, cough and a temperature of 
104 F His familj phvsician the following da\ made a tentatne diagnosis of 
bronchopneumonia Five dajs after the onset of his illness the patient became 
irrational, restless, talkatne and delirious For six daj^s he had se\eral se\ere 
chills daily and a temperature in the afternoons of 40 C (104 F ) There was no 
appreciable change in his condition after he had been in bed three w'Ceks He 
remained semicomatose and became incontinent of urine and feces When the 
patient failed to improve, he was referred to the hospital 

The past history was unimportant except that he had had typhoid fever wdien 
20 years of age He had li\ed in California for the past thirt> -seven years as 
an animal caretaker in an experimental laboratory wdiere he came indirectly in 
contact with animals that had been experimentally infected with Brucella abortus 
and Brucella melitensis It is known that he had assisted his co-workers m 
the animal house during the butchering of a hog which had previously been 
inoculated with a virulent strain of Br melitensis of caprine origin 

Physical Examination — Examination show'cd a well developed and moderately 
well nourished man appearing extremel}’- ill and in a semistuporous condition 
Ihc temperature was 39 C (1022 F), the pulse rate, 92, and the respiratory 
rate, 22 The mucous membranes were slightly pale and the skin moist Both 
eyes showed a marked arcus senilis The ears, teeth, nose, throat and lymph 
nodes presented no remarkable abnormalities There was a slight dulness, with 
some diminution of breath sounds and coarse, relativelj’’ drj'' rales at the base 
of the right lung posteriorly There was no evidence of cardiac disease There 
was a moderate generalized arteriosclerosis The abdomen was somewhat dis- 
tended but there was no tenderness, and no tumor masses could be felt The 
external genitalia appeared normal, examination of the rectum showed a slightly 
enlarged prostate gland, the extremities were free from edema, and the tendon 
reflexes were normal 

Laboiatoiy Pioccdiucs — On admission the blood count showed red blood 
cells, 4,250,000 per cubic millimeter, hemoglobin, 70 per cent (Sahli), and leuko- 
cytes, 4,120 The differential count showed polymorphonuclear leukocytes, 81 
per cent, ^miphocytes, 15 per cent, and monocytes, 4 per cent There appeared to 
be no other abnormality of the blood 

Roentgen examination of the chest failed to rev^eal any evidence of pulmonary 
disease 

The urine showed a faint trace of albumin The reactions to the Wassermann 
and Kahn tests of the blood were normal 

On February 13, lilarch 3, March 18 and April 3, blood serum failed to 
agglutinate the following organisms Bacillus typhosus. Bacillus paratvphosus A, 
Bacillus paratyphosus B Bacillus enteritidis and Bacillus coli However, the 
agglutination tests with Br abortus were as follow's On February 13, complete 
agglutination was obtained m a dilution of 1 320 and partial agglutination in a 
dilution of 1 640, similar results were obtained on March 4, 18 and 28 Intra- 
ciitaneous injections of an extract from Brucella abortus were followed b> 
hvpercmia and accordmgh were considered as giving positive reactions Samples 
of venous blood obtained on numerous occasions during the height of the fever 
were reported as yielding no growth of organisms A duodenal tube was 
passed, and when the olive was in place 15 cc of clear bile was removed Follow- 
ing this, 25 cc of 50 per cent magnesium sulphate was injected and, after a free 
flow of bile was obtained, several specimens were procured b> aseptic technic 
These specimens failed to vield a growth of Brucella organisms following their 
application to suitable culture mediums Xo unusual organisms were isolated 
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from repeatedly obtained specimens of urine or stools A presumptive diagnosis 
of undulant fever was made, but the diagnosis could not be established with 
certainty 

Climcal Com sc and Ticaiment — During the first month of the patient’s stay 
m the hospital, there was some clinical improvement with a gam m strength 
During this month, however, anemia developed in which the red cell count and 
hemoglobin reached a low level of 2,729,000 cells per cubic millimeter and 48 per 
cent (Sahh), respectively On April 10 the patient was given an intravenous 
injection of 04 cc of a lysed vaccine made from cultures of Br melitensis and 
Br abortus based on the method of Caronia ® On April 14, an injection of 
0 1 cc was given This treatment was discontinued because of the patient’s anemia, 
and on April 20 he was given a transfusion of 265 cc of whole blood During the 
next few weeks there was marked clinical improvement in his condition The 
anemia gradually decreased and the leukocytes returned to normal Throughout 
his stay in the hospital, the patient’s temperature was of the undulating type 
Each undulation would slowly rise from about 37 C (98 6 F ) to about 40 C 
and then slowly decrease again to 37 C Each cycle extended over a period of 
from eight to twelve days, during which time there was fever, alternating with 
periods of from two to four days of subnormal or normal temperatures The 
undulations of fever gradually subsided, and after the temperature had remained 
normal for one month, the patient was discharged from the hospital on August 1, 
nearly six months after entry 

Second Admission — The patient was readmitted on September 14 

Histoiy Pieceding Second Admission — Following his discharge from the 
hospital, the patient returned to his home for convalescence Daily observations 
of his temperature showed it to be 37 C or less, except for an occasional rise to 
37 2 C (98 9 F ) Four days before readmission to the hospital while recuperating 
in the mountains, he fell asleep in the sunshine and was exposed to the sun’s rays 
for about one-half hour The atmospheric temperature was about 104 F When 
he awakened, he felt as though he were “burning up’’ , he had a severe headache 
and a temperature of 39 C For the following three days he continued to feel ill, 
and his temperature remained elevated until he entered the hospital 

Physical Examination — The patient did not appear extremely ill but was 
somewhat lethargic The temperature was 39 C , the pulse rate, 90, and the 
respiratory rate, 22 There was nothing new except a generalized maculopapular, 
erythematous rash This rash, which we have observed in other patients with 
undulant fever, was neither irritative nor painful The superficial lymph nodes 
were not enlarged Neither the spleen nor the edge of the liver could be palpated 

Second Lahoiatoiy Examination — Specimens of venous blood were removed 
on the day of entry and again on the following day One of these was sent to 
the laboratory of the hospital and the other to Dr Meyer’s laboratory at the 
Hooper Foundation Ten days later a report was received from each laboratory 
stating that Brucella organisms had been isolated from both specimens This 
organism was later identified as Br melitensis ^ Other laboratory procedures 

5 Caronia, J Nature and Uses of Lj^sed Typhoid Vaccine, Am J Dis 

Child 39 1 (Jan) 1930 

6 According to Dr K F Meyer, Miss B Eddie and Miss Veazie, the strain 
of Brucella isolated from W O gave the following reactions positive stain 
with thionine (50,000), fuchsm and pyronine, reduction of nitrates, no formation 
of gas , no hydrogen sulphide , agglutinin absorption of Br melitensis , low patho- 
genicity for monkeys and guinea-pigs , no febrile reaction m monkeys , infection in 
guinea-pigs with not less than 1,500 organisms 
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revealed nothing of significance A biopsy specimen from one of the lesions m 
the skin was taken Cultures of this tissue failed to show anj bacterial growth 
Microscopic examination showed vascular hyperemia and a slight perivascular 
infiltration of lymphocytes consistent with a diagnosis of subacute inflammation 
of the skin 

Chnical Com sc and Ticalmcni — ^Twelve days after entrance into the hospital, 
the patient had a sudden attack of severe, constant pain in the right upper 
quadrant of the abdomen There was marked hyperesthesia of the skin to the right 
of the midabdominal line and between the umbilicus and the right costal margin 
There was spasm of the muscles m this region, and pain was elicited on deep 
palpation A resistance resembling a cystic mass could be felt m the region 
of the gallbladder A presumptive diagnosis of acute cholecystitis was made 
and the patient was afforded symptomatic relief Morphine was administered 
and ice packs were applied locally Specimens of bile were again removed from 
the duodenum, but these, as on previous occasions, failed to show bacterial growth 
on culture 

The patient was held under obser\ation and given symptomatic relief until 
October 22, four weeks after the onset of the pain in the right upper quadrant 
During this time the patient’s symptoms referable to the region of the gallbladder 
had gradually subsided One month after entry the rash disappeared He was 
transferred to the surgical service on Oct 22, 1931, about five weeks after entrance 
to the hospital 

On October 22, a cholecystectomy was performed by Dr H Glen Bell The 
wall of the gallbladder was found to be thickened and there were adhesions 
binding it to the liver and adjacent duodenum Several centimeters from the 
gallbladder in the left lobe of the liver, a small band of adhesions extended to the 
anterior parietal peritoneum When this was cut through, a small round nodule 
about 1 cm in diameter was seen in the parenchyma of the liver This nodule 
and a surrounding margin of hepatic tissue were removed The nodule was a 
rounded, white, fibrous structure with central softening and a granulomatous 
appearance A small bit of semipurulent material was expressed and some of this 
was prepared for culture 

Mtcioscopic Exammatwn of Tissues (by Dr A H Heald, Department of 
Pathology) — The sections of the gallbladder showed an eroded mucosa, largely 
replaced by vascular granulation tissue and diffusely infiltrated by lymphocytes 
and a few neutrophils and eosinophils The wall was edematous, and inflammatory 
cells were infiltrated throughout the fibrous septums Two small, early granulo- 
matous patches were found, one having a small giant cell of the foreign body 
type at its center 

The sections from the liver showed a bizarre, destructive, inflammatory process 
in varying stages The cellular reactions centered about a granulomatous process 
15 mm in diameter, the center of which consisted of puriform material, disin- 
tegrating polymorphonuclear leukocytes and cellular debris This was surrounded 
by a \ascular connective tissue wall, epithelioid cells and lymphocytes, among 
which might be seen an occasional small multinucleated giant cell Beyond this 
central lesion there w'as an infiltration with lymphocytes and plasma cells about the 
portal cliannels wuth an inflammatory proliferation of the epithelium of the bile 
ducts Some of the lesions were in an early stage and show'ed a few neutrophils 
and eosinophils in the triad spaces In the inter\ening hepatic parenchyma, there 
were numerous small, discrete, tubercle-like foci which consisted of lymphocytes, 
epithelioid cells and an occasional small giant cell All foci were surrounded by 
a prohferatue reaction of fibrous tissue which tended to encapsulate them 
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Fig 1 — Section of the wall of the gallbladder showing increased vascularity 
and cellular infiltration 



Fig 2 — Cellular infiltration in the periportal connective tissue and swollen 
epithelial cells of the bile ducts 
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Sections of the wall of the gallbladder and of the granvdomatous tissue, fixed 
in Zenker’s fluid, revealed numerous smatl, gram-negative rods occurring singlv 
and m pairs In the gallbladder myriads of such organisms were found in the 
mucosal granulation tissue and throughout the wall Thev' showed particular!} 
well between the edematous smooth muscle bundles In the liver the bacilli were 
found onlj in the smaller purulent inflammatory zones 

Cultures taken immediatelv after the removal of the tissues 3 ielded a growth of 
P.r mdilensis from both the submucosa of the gallbladder and the granulomatous 
process in the liver 

Following the operation, the patient’s course was uneventful His temperature 
returned to normal within a few days and remained so except for an occasional 
rise in the afternoon to 37 4 C (99 3 F ) Cultures of blood, stool and a specimen 



Fig 3 — An earh lesion in the hepatic parenchjma adjacent to the mam 
granulomatous nodule Note the tuberclc-hke arrangement of epithelioid cells, 
IvmphoLvtcs and fibroblastic tissue High power 


of bile removed through a duodenal tube on November 23 failed to show a growth 
of Brucella organisms The patient vv as discharged from the hospital on November 
24 He has had no recurrence of svmptoms of active brucelliasis up to the 
present time 

CO'MAinXT 

Chnical Fcotuns~-\ diagnosis of this patient's illness Avas masked 
cluiing the onset b) signs and stmptoms suggestive of pneumonia 
ihese disappeaied within thiee wrecks’ time but the patient’s condition 
continued to be giate and a Ingh fetet and leukopenia persisted A 
diagnosis of t\pboid and paraUphoid infection was practically excluded 



708 


ARCHIVES OF INTERNAL MEDICINE 


by the laboratoiy obseivations Bacterial endocai ditis or othei con- 
ditions frequently associated with bacteremia were consideied unlikely 
in the absence of petechiae, cardiac signs and the failure to isolate bac- 
teiia from the blood stream after repeated attempts It was believed 
that the most probable diagnosis was that of undulant fever since on 
four occasions there was complete agglutination of Brucella organisms 
in a dilution of 1 320, and a partial agglutination m a dilution of 1 640 

The clinical course of the disease was characterized by an undu- 
lating type of fevei which subsided approximately six months after the 
onset of illness The data in the case up to this time were typical of 
the ordinary form of undulant fever 

The complication in the course of undulant fever presented by this 
patient occurred after a period of about twelve weeks, during which 
time his temperature had remained normal There was a sudden 
recurrence of the febrile state on exposure to sunlight, and the patient 
again became critically ill A diagnosis of undulant fever was con- 
firmed by the isolation of Br melitensis from specimens of \enous blood 
During this relapse the patient had a sudden attack of severe, constant 
pain in the right upper quadrant which, along with other signs, was 
suggestive of acute cholecystitis At operation the gallbladder was 
found to be infected, but of considerable additional interest was the 
finding of a granulomatous process in the liver 

The importance of these structures as a cause of the recurrence of 
the patient’s illness is suggested by his freedom from symptoms relative 
to brucelhasis for a period of two years after their removal 

Pathologic Features — ^The changes in tissues produced by Brucella 
organisms in animals are well known from studies'^ made on guinea- 
pigs experimentally infected with the disease The organisms become 
focalized in the liver, spleen and lymph nodes and the cellular reactions 
about them proceed from those of an exudative inflammatory process 
to the formation of granulomatous nodules which contain a central 
necrotic mass These nodules during the early stages are tubercle-like 
and consist of lymphocytes, epithelioid cells, an occasional giant cell and 
a wall made up of connective tissue fibrils In man, structural changes 
in the hvei, spleen and lymph nodes have been noted as the usual 
lesions in autopsy material by Gregersen and Lund,® Ebskov and Har- 

7 Jaffe, R H Ueber die e'^.penmentelle Infektion des Meerschweinchens mit 
dem Bacillus melitensis (Bruce) und dem Bac abortus (Bang), Virchows Arch 
f path Anat 238 119, 1922 

8 Gregersen, F, and Lund, T M De patologisk-anatomiske fplrandnnger 
ved febris undulans, Hospitalstid 74 349, 1931 
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p^th,° Heiberg/'’ WobhvilH’^ and otheis It is geneiall} agieed that 
the nodules appealing in the human visceia aie quite similai in then 
cellulai components to those found in the lowei animals It seems 
appal ent in the case lepoited heie that the lesions in the parenchyma 
of the liver and the wall of the gallbladdei A\eie of such granulomatous 
dial acter 

Final diagnosis of Bi melitensis as the etiologic factoi lesponsible 
foi these changes in the tissues was established by the growth and 
identification of these oiganisms thiough appiopiiate cultuial and diag- 
nostic methods 

The impoitance of these pathologic data becomes of greatei clinical 
significance in the light of ceitain laboiatoiy studies Kennedy 
lecovered Bi melitensis in puie cultuie fiom the bile in two out of 
eight cases, while Eyie’^'’ stated that the miciococcus might be found 
111 the bile in a “fair piopoition of cases ” These obseivations lead to 
the conclusion that, like typhoid fe\ei, biucelhasis in man may be a 
moie fiequent piedisposing factor in the development of cholecystitis 
and pel haps cholelithiasis than is geneially supposed 

SUMMARY 

1 A case of biucelhasis in man is lepoited The diagnosis dm mg 
the eaily couise of the disease, although obscuie, was suggested b\ the 
agglutination of specific antigens and was substantiated latei dm mg a 
1 elapse by the cultivation of Bi melitensis fiom specimens of venous 
blood 

2 The couise of the illness was complicated by the occurience of 
cholecystitis and focalized hepatitis Disappeaiance of symptoms lefei- 
able to active undulant fevei occuiied aftei the smgical lemoval of the 
infected tissue 

3 The local changes in the livei in this case aie similai to those 
pioduced expel imentally in the guinea-pig and labbit 

4 Attention is called to the possible impoitance of undulant fevei 
as a piedisposing factoi in the development of cholec} stitis 

9 Ebskov, C, and Harp^th H Et tiUaelde af febns undulans (Bang), 
Ugcsk f lacgcr 37 872, 1930 

10 Heiberg, S Nogle tilfaelde af febns undulans, Hospitalstid 73 933 
(Sept 18) 1930 

11 Wohhvill, F Zur pathologischen Anatomie der Bangerkrankung des 
kicnseben, Virchows Arch f path Anat 286 141, 1932 

12 Kenncd\, J C Report of the Commission for the Investigation of 
Ikfeditcrranean Fe\cr, 1906, pt 4 p 93 

13 Evre, J W H m \on Kolle, W and \on Wassermann A Handbuch 
der pathogenen Mikroorganismen Jena Gusta\ Fisclier 1912 \ol 4, p 441 



RELATION OF PORTALS OF ENTRY TO SUB- 
ACUTE BACTERIAL ENDOCARDITIS 

HARRY WEISS, MD 

NEW YORK 

As part of an investigation in subacute bacteiial endocaiditis the 
records of 364 patients admitted to Mount Sinai Hospital in the past 
fourteen years (to October 1933) have been analyzed, with particular 
attention to the antecedent history and the manner of onset Several 
interesting facts were noted which are reported here 

The outstanding feature of the cases studied is the frequency with 
which the onset of subacute bacterial endocarditis is associated with 
an immediately preceding acute infection of the upper respirator)^ tract, 
tonsillitis or giip This relationship has been noted by others Libman,’- 
in an article on the piognosis in subacute bacterial endocarditis, pointed 
out that the onset can occur with an attack of acute tonsillitis He also 
wrote that “theie is evidence which indicates that lepetition of infection 
(in cases with recurrent attacks) may be due to an invasion from focal 
infections ” In a subsequent article ^ he and his co-workers again drew 
attention to this fact Oille, Graham and Detweiler,® in a discussion of 
the streptococcic bacteiemia m endocarditis, pointed out that, in their 
opinion, endocarditis more frequently follows tonsillitis in children than 
IS commonly believed 

Theie is also a good deal of bacteriologic and immunologic work 
which lends evidence to this conclusion Kreidlei/ in a study of the 
organisms isolated from 14 cases of subacute bacterial endocarditis (13 
nonhemolytic streptococci and 1 beta hemolytic stiain), pointed out the 
striking serologic individuality of each of the nonhemolytic organisms 
There was no cross agglutination or complement fixation demonstrable, 
and immune bodies weie present in the patients’ serum against the 
homologous invader only The fermentation leactions also varied 

From the medical service of Dr B S Oppenheimer, the Mount Sinai Hospital 

1 Libman, E A Consideration of the Prognosis in Subacute Bacterial Endo- 
carditis, Am Heart J 1 25 (Oct) 1925 

2 Rothchild, M A , Sacks, B , and Libman, E The Disturbances of the 
Cardiac Mechanism in Subacute Bacterial Endocarditis and Rheumatic Fever, Am 
Heart J 11 356 (April) 1927 

3 Oille, John A , Graham, Duncan, and Detweiler, H K Streptococcus 
Bacteremia in Endocarditis, J A M A 65 1159 (Oct 2) 1915 

4 Kreidler, W A Bacterial Endocarditis Subacute, J Infect Dis 39 200, 

1926 
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The same bacteiiologic and immunologic heteiogemcity exists among 
the streptococci of the uppei lespiiatory tract In fact, this is prob- 
ably the only location in the body in which such a flora is constantly 
present and which can furnish the necessaiy nidus and portal of entry 
foi the establishment of an endocardial implantation The work on 
the floia of the uppei lespiratoiy tract is too voluminous to be quoted 
in detail Hookei and Andei son ® studied 2,057 colony strains of strep- 
tococci from 101 specimens of sputum and reported the dominant 
aerobic strains to be of the nonhemolytic (alpha) type Gamma types 
were also piesent, but laiely dominant This parallels the observations 
on blood cultures in subacute bacterial endocarditis They also showed 
the same bewildering heterogemcity among their nonhemolytic (alpha) 
streptococci that Kreidler noted in his blood cultures Using cross- 
agglutmation and complement fixation, they found less than 3 per 
cent which showed any antigenic relationship in 616 tests No identical 
strains from diffeient sources weie discovered Arnold® made two 
series of throat cultures, one three months before and one during an 
epidemic of influenza In the first seiies 134 thioats were investigated, 
of which 91 per cent weie found to harbor nonhemolytic streptococci 
In the group with influenza 1 16 cases were studied, and they all yielded, 
without exception, the nonhemolytic streptococcus 

A good deal of work m this field has been done on extirpated tonsils 
Polvogt and Crowe,^ in cultuies from tonsils following 100 opera- 
tions, found the alpha and beta types of streptococci in 91 per cent 
Bartlett and Pratt® found stieptococci present m 75 per cent of their 
cases, of which 22 per cent revealed the nonhemolytic variety Kilduffe 
and Hersohn ® studied 409 tonsils and found nonhemolytic streptococci 
in only 5 per cent Juhanelle,^® m a similar study, found them in 31 
pel cent 

This accumulation of clinical and bacteiiologic evidence, which can 
be multiplied, suggests with fair decisiveness that the upper respiratory 
passages harbor the foci which act as the most common portal of entry 
in subacute bacterial endocarditis It also suggests the important con- 

5 Hooker, S B , and Anderson, L M Heterogemcity of Streptococci 
Isolated from Sputum, J Immunol 16 281, 1929 

6 Arnold, L Classification of Streptococci, J Lab & Clin Med 5 587, 

1920 

7 Polvogt, L M, and Crowe, S L Predominating Organisms Found in 
Cultures from Tonsils and Adenoids, J A M A 92, 962 (March 23) 1929 

8 Bartlett, F H , and Pratt, J S Streptococci Isolated from Excised Tonsils 
and Posttonsillectomy Blood Cultures, Am J Dis Quid 41 285 (Feb ) 1931 

9 Kilduffe, R A , and Hersohn, W W Cultures of Tonsils, J Lab & Qin 
Med 12 788, 1927 

10 Juhanelle, L A Cultures of Tonsils, J Lab & Clin Med 9 699, 1924 
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cUi'ioii tiiat transient bacteremia is not an intrequent occurrence in the 
apjiarenth btnign infections m this legion 

I here arc other less common portals of enti\ Hordei m an 
(arl\ commiimcation, ^^rote that the portal ot enti) ma> be not onh 
throuqli tlie mouth and throat but through the intestinal tiact as \sell 
Libman,'- in discussing "operatnc bacteremia/ the bacteremia estab- 
lished In an operatne manipulation or surgical dressing pointed to 
infections m the male and female genito-uiinar) tracts and to phlegmons 
and wounds as a possible portal of entr\-, and stated that a resulting 
endocarditis frequentl} occurs Thayer^® made the important obsei- 
\ation that “many instances of endocarditis due to Sti eptococcus 
eindans owe their origin to pyorrhoea alveolans or abscesses about the 
roots of the teeth ” One of oui patients gave a histor} of an imme- 
diate preceding infection of a hand, another of an otitic infection, one of 
a miscairiage, anothei of a C3Stoscop3 and seveial of instrumental 
abortion Ihe lattei cases and the inference that can be drawm from 
obscnations on gonoiiheal endocaiditis lead one to legard the genito- 
urman tract as a not uncommon portal of entry foi streptococcic 
endocarditis, piobabl3 onl3'’ second in importance to the upper respira- 
tory tract 

Another significant fact established b3 the study of our cases is 
the frequency with wdiich a preexisting pathologic condition of the 
Icait w'as demonstrated In almost evei3 case m wdnch an adequate 
histori was available an earlier abnormal cardiac condition w'as demon- 
strable Libman^ and his co-woikers- diew attention to this and 
indicated that preexisting valvular or m3"ocardial disease is a factoi m 
subacute bacteiial endocarditis w^hich needs further study Horder^^ 
obtained a history of preexisting rheumatic fe^er in 72 of his 150 
cases Of 118 postmortem examinations 80 per cent revealed pre- 
existing valvular lesions on gross pathologic stud3 He also noted that 
a congenital defect piedisposes the heait to infection In the laiger 
miinbei of cases in m3^ senes the histor3f was of specific iheumatic 
fever wath caidiac involvement, chorea or t3pical rheumatic aithritis 
In a smaller number atherosclerotic cardiac disease oi a congenital 
anomal3^ W'as present S3'philitic caidiac involvement can also be the 
piccmsoi of subsequent subacute bacterial endocaiditis This is to be 
infeired f’'om a case in the senes (Avhich came to neciopS3), in wdiich 
an acute endocarditis was engrafted on S3philitic aortitis Though 

11 Horder, Thomas Infective Endocarditis Quart J Med 11 319, 1908- 
1909 

12 Libman E General Infections bv'^ Bacteria, J Michigan M Soc 23 462 
tNov ) 1924 

13 Thaver, W S Bacterial (Infective) Endocarditis, Johns Hopkins Hosp 
Rop 22 173, 1926 
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exceptions undoubtedly may be found, it can be accepted as piactically 
axiomatic that subacute bacteiial endocarditis leqmres the fertile soil 
of an eailiei endocarditis, ilieumatic, atherosclerotic or syphilitic, or 
a congenital cardiac lesion on which to implant itself Libman also 
included scailet fever as one of the diseases which may furnish the 
necessaiy pathologic state of the heart 

Beside the history of infection of the uppei lespiratory tract in 
patients with eailiei caidiac disease I have, m several cases, encoun- 
teied a histoiy of tiauma m this legioii, such as tonsillectomy or 
exti action of a tooth, which closely antedated the onset of the symp- 
toms This points to the logical inference that these apparently minor 
surgical proceduies may be accompanied by bacteremia, and m people 
with eailiei cardiac disease lesult m an endocaidial implant Rushton 
repoited 4 cases of subacute bacteiial endocaiditis (from a senes of 
40 studied) m which onset dated from the exti action of a tooth 
Bernstein desciibed the case of a young man of 25, with a history 
of choiea and rheumatic fever, m whom fevei and the clinical picture 
of subacute bacteiial endocaiditis developed 5 days following the exti ac- 
tion of a tooth 

That suigical inteivention in this and other parts of the body is 
frequently accompanied by bacteiemia has been demonstrated Schwaiz 
and Frisch,^® m discussing the negative results obtained by Rubin, 
Epstein and Weiner,^^ reported blood cultures from 11 patients befoie, 
during and after tonsillectomy All the cultures taken before and after 
operation were sterile Cultuies m 3 cases taken during the operation 
were positive One of these showed a hemolytic stieptococcus, another 
an anhemolytic streptococcus and the third a streptococcus which grew 
111 one flask and died in subculture Dabney reported a streptococcic 
bacteiemia two weeks following a tonsillectomy, the development of an 
acute infection of the mastoid piocess which on operation showed only 
staphylococci, the subsequent development of the picture of a lateral 
sinus thrombosis followed by negative findings at operation and the 
ultimate spontaneous recoveiy of the patient He assumed that a local 
infected thrombus m the tonsillai fossa fed into the blood stream 

14 Rushton, M A Subacute Bacterial Endocarditis Following Extraction of 
Teeth, Guys Hosp Rep 80 39 (Jan ) 1930 

15 Bernstein, M Subacute Bacterial Endocarditis Following Extraction of 
Teeth, Ann Int Med 5 1138 (March) 1932 

16 Schwarz, H , and Frisch, J A Blood Cultures After Tonsillectomy, Am 
J Dis Child 38 1282 (Dec) 1929 

17 Rubin, M I , Epstein, I M , and Werner, Mane Blood Cultures After 
Tonsillectomy, Am J Dis Child 38 728 (Oct) 1929 

18 Dabney, V Bacteremia Due to Tonsillectomy Complicated by Mastoiditis 
Arch Otolaryng Z 362 (Oct ) 1925 
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Bacteicmia incident to operation in other infected aieab has been fre- 
quentl} reported Seifert^" repoited 9 cases of 43 investigated m which 
bacteremia A\as demonstiated during appendectoni} He also obtained 
60 per cent positive blood cultures during a series of opeiations on 
bone and 40 pei cent during a senes of opeiations on soft parts 
Harter pointed out that a positne blood cultuie following mastoidec- 
tomy IS probably common and is not necessaril)'- an indication of lateral 
sinus thromliosis Schottmuller demonstrated the presence of bac- 
teremia during curettage Libman -- and Libman and Celler described 
many cases of postoperative bacteremia and bacteremia after trauma 

The demonstration of bacteremia dining operation m an infected 
area led me to determine how mani patients in my series dated the onset 
of symptoms from some form of surgical mteivention, particularly in 
the mouth and throat, such as tonsillectomy oi extraction of a tooth 
Ten gave such a history These cases are lepoited here In a numbei 
of others the histor}' was too inadequate to wan ant consideiation In 
many earlier cases the history of an antecedent operation was not 
inquired into The incidence, theiefore, of 10 cases in 364 studied is 
probably much lower than subsequent investigation may show 

The relevant facts in the cases m which an etiology of tiauma in 
the upper respn atory passages is indicated are as follows 

REPORT OF CASES 

Case 1 — A girl, aged 21, had chorea at the age of 12 and an attack of rheu- 
matic fever at the age of 15 She was m bed for three months with the latter 
attack, and w'as informed that her heart was involved At the age of 19 she 
suffered from another attack of rheumatic fever, and was hospitalized for three 
weeks Following this she felt well for one and a half 3 ears, and was able to 
carry on fairly strenuous work 

Eighteen months before admission she had a sore throat, following wdneh a 
tonsillectomy was performed Since this operation the patient had been growing 
progressively more weak and tired, she had had transient pains in the legs and 
back, and her appetite had been poor For two weeks before admission to the 
hospital she suffered from a persistent sev'ere headache and for a week had been 
aware of fever 


19 Seifert, E Bacteremia After Operations, Arch f klin Chir 138 565 
(Oct 20) 1925 

20 Harter, J H Significance of Bacteremia Following Mastoid Operations, 
Northwest Med 24 35 (Jan ) 1925 

21 Schottmuller, H Bacteria in Blood After Curettage for Infected Abortion, 
Munchen med Wchnschr 58 557, 787, 2051, 2123 and 2170, 1911 

22 Libman, E On Some Experiences with Blood-Cultures in the Study of 
Bacterial Infections, Bull Johns Hopkins Hosp 17 215 (July) 1906, The Value 
of Bacteriological Investigations in Otology with Special Reference to Blood 
Cultures, Arch Otol 37 22 (Feb ) 1908 

23 Libman, E, and Celler, H L The Importance of Blood Cultures in the 
Study of Infections of Otitic Origin, Am J M Sc 138 409 (Sept) 1909 
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Physical examination revealed a girl who was obviously chronically ill There 
was one petechia on the left shoulder and another in the left lower conjunctiva 
Her heart was enlarged, and an accentuated first sound preceded by a rumbling 
crescendo presystohc murmur was present This was followed by a loud blowing 
systolic and a soft diastolic murmur The urine showed red blood cells on two 
occasions The blood culture was positive for anhemolytic streptococci, with 200 
colonies per cubic centimeter 

The patient was discharged unimproved 

Case 2 — A woman, aged 30, could not give a satisfactory history, but knew of 
no specific cardiac disease She said, however, that she had suffered from dyspnea 
and palpitation on moderate exertion, such as climbing one flight of stairs She 
had had two therapeutic abortions 

Twelve weeks previous to admission she had a tooth extracted, immediately 
following which she noted general malaise, chilly sensations and fever Then 
left nasal hemianopia developed and ten days following the onset of symptoms she 
had a chill This was followed by several recurrences She also had drenching 
sweats and arthralgia She noted redness and tenderness of the finger-tips During 
the three days before admission, she had two severe attacks of abdominal pain 
On admission the patient showed pronounced anemia There was a petechia m the 
right lower conjunctiva and a hemorrhage in the disk of the left fundus The 
heart was enlarged, and presented the classic murmurs of advanced mitral stenosis 
and insufficiency There was also present bilateral costovertebral tenderness, 
clubbing of the fingers and a cafe au lait complexion The blood culture was 
positive for Streptococcus vindans, with 25 colonies per cubic centimeter 

The patient grew worse rapidly and died A postmortem examination was not 
permitted 

Case 3 — A boy, aged IS, four years previous to admission was examined by a 
doctor on the occasion of a gastric disturbance and was told that he had a cardiac 
lesion Otherwise, the boy looked well and gave no evidence of cardiac disability 
He had had tonsillitis two years before examination The history was otherwise 
irrelevant 

Eight weeks following a tonsillectomy he noted progressive anemia, weakness, 
emaciation and loss of weight He recovered sufficiently to return to school for a 
short period He soon, however, had to go to bed, with a temperature of 102 F , 
general malaise, prostration and anorexia Four weeks previous to admission he 
had had an attack of motor aphasia which lasted for one day During the four 
weeks the renal function had diminished, and he passed only small amounts of 
highly colored urine During the same period edema of the face, scrotum and 
lower extremities had been developing 

On admission he was found to be extremely ill, with marked anemia He was 
lethargic and showed edema of the face, legs, scrotum and abdominal wall There 
was one petechia present in the left lower eyelid His heart was enlarged, and a 
loud double mitral murmur was present The spleen and liver were palpable 
Slight costovertebral tenderness was present and suggestive clubbing of the fingers 
The urine contained red blood cells 

The blood culture showed anhemolytic streptococcic (anaerobic) bacteremia 

The patient died after four weeks m the hospital, and the clinical and bacteri- 
ologic findings were confirmed at autopsy 

The heart showed subacute bacterial endocarditis involving the mitral valve 
and the left auricle, with older healed lesions of the interventricular septum and 
aortic valves 
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C\SE 4 — \ woman, aged 25, ga\e a hi‘;ton of liaMiig "caught cold” about 
5e\en jears earlier, shortK after childbirth One month later, arthralgia dei eloped 
in the toes, the pain migrating upward to the ankles and then to the knees There 
was no in\ohement of other joints, and she recalled no redness, swelling or fe\er 
The pain persisted tor about a jear Following this dispnea de\ eloped, with 
attacks of palpitation on moderate exertion She also had occasional sticking pains 
01 er the precordium 

Two months preiious to admission she had a molar extracted The following 
afternoon she noted chillj sensations, and that eiening a fever developed She had 
lost 9 pounds (4 1 Kg ) in four w eeks, and was growing progressively w eaker 

The phjsical examination showed the patient to be an anemic, underweight 
voting woman A precordial thrill, a sharp systolic impulse and the murmurs of 
mitral stenosis and msiifficiencj were present The spleen was palpable No 
embolic phenomena were noted 

The blood culture was positive for Str vindans, with 18 colonies per cubic 
centimeter 

She had a febrile course, w'lth a temperature up to 102 F, and died after one 
month m the hospital A.utopsy confirmed the clinical and bactenologic 
observations The mital valve was tightly stenosed, the cusps were densely 
fibrotic, and superimposed on the auricular aspect of both cusps there was an 
irregular, friable, gravish-white, fungoid, bacterial vegetation which was adherent 
to the leaflet and showed organiration 

Case S — A man, aged 31, had had acute rheumatic fever seven years previously, 
which left him with mitral stenosis and insufficiency and a possible aortic 
insufficiency 

He had been having some arthralgia, and was advised to have several teeth 
extracted He follow ed this advice, and three weeks later noted the onset of fever 
and sweats These had continued for four months, up to the time of admission 
to the hospital Cachexia had been progressive Three weeks before admission he 
noted some painful red spots on the v'olar aspect of the tips of several fingers, and 
he also felt a sudden sharp pain in the left upper quadrant of the abdomen 

On admission he appeared to be ill and emaciated His skin was cafe au lait 
in color, a petechia was found in the left supraclavicular region and a Janeway 
node in the left hvpothenar eminence Marked sternal tenderness was present 
The heart was enlarged downw'ard and to the left A rough systolic and a soft 
diastolic murmur w'ere audible at the apex He showed slight clubbing of the 
fingers, and the spleen was palpable Red blood cells were found in the urine 

Two blood cultures were positive for Str vindans, with 26 and 30 colonies 
per cubic centimeter, respectively 

He was discharged after five weeks, unimproved 

CvsE 6 — A girl, aged 16, was discovered to have a congenital heart lesion at 
the age of 6 She had three previous admissions to the hospital, the first, seven 
vears before for thrombocj topenic purpura On her third admission, three years 
before the last admission, a splenectomy had been performed She had been free 
irom sjmptoms since 

Three months before admission the patient had an aching tooth extracted 
Four weeks later she began to note fatigue, malaise, blurring of vision and head- 
aches At about the same time she suffered a sudden and sev'ere abdominal cramp, 
localized just to the right of the umbilicus She had a temperature of 100 F and 
continued to have a fever up to the time of admission For four days previous 
to admission she had a dull pain m the left thumb and in the great toe of the right 
foot 
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The essential findings in the phjsical examination were a loud to-and-fro 
murmur, a heart enlarged to both the right and the left and sternal tenderness 
Two blood cultures showed ISO and 130 colonies of Str vindans per cubic 
centimeter, respectively 

She was discharged after hospitalization for seventeen dajs, her condition 
unchanged 

Cash 7 — An 8 year old girl, was admitted with a history of chorea, nine months 
prior to the present admission The chorea lasted about six weeks, follow^ed b\ a 
period of comparative \vell-being Five months previously, following the extraction 
of two teeth she began to have a septic temperature Associated with this were 
occasional vomiting and general malaise Seven wrecks before and again six weeks 
before she was given a transfusion of blood She showed slight improvement for 
about two weeks At this time another tooth was extracted, with a resultant 
flare-up of temperature to from 102 to 103 F and an increase in her general 
malaise Two weeks prior to admission she had two attacks of sharp cramplike 
pain in the epigastrium She was reported to have had paralysis of all the 
extremities at this time, with a gradual clearing up of the condition m three days, 
only the left arm still showing some weakness She had been growing progressively 
w'eaker, and was admitted for observation 

On admission she presented an acutely ill and septic appearance There were 
petechiae on the neck and anterior wall of the chest , some dulness and rales were 
heard at the base of the right lung anteriorly The heart was enlarged, a soft 
systolic murmur was present at the apex, and a harsh impurity of the first sound 
was heard in the second and third interspaces to the left of the sternum The 
liver and spleen were palpable The neurologic changes suggested left cerebral 
thrombosis The blood culture w'as positive for Str vindans 

The child’s condition grew worse rapidly, and, she died thirt> hours after 
admission Postmortem examination was not permitted 

Case 8 — A chauffeur, aged 33, had never had symptoms or signs suggestive 
of rheumatic fever, chorea or cardiac disease His family history was irrelevant 
He was referred to the hospital with a history of pain in the right lower quadrant 
of three days’ duration, accompanied by a slight fever and marked abdominal 
tenderness There had been no vomiting Acute inflammation of the appendix 
was considered, and the patient was admitted to the medical service for observation 
Two and one-half months earlier he had a tonsillectomy performed One week 
following this profuse sweats began and he noted considerable malaise No other 
symptoms developed until two weeks before admission, when he began to have 
chills and a temperature Herpes labiahs appeared one week before admission 
It was noted on admission that beside the tenderness in the right lower quadrant 
the spleen was easily palpable and that a rough systolic murmur was audible Red 
blood cells were present m the urine The blood culture showed Str vindans 
bacteremia 

During hospitalization of eight weeks the patient presented numerous embolic 
phenomena, which included renal infarction, petechiae, lesions of the fundus and 
an embolus into the right axillary arterj, for which an exploratory embolectomy 
was attempted The patient died following signs of mesenteric thrombosis 

Autopsy revealed no evidence of rheumatic cardiovalvular disease There was 
present, however, a congenital lesion of the aortic valve (a bicuspid aortic valve), 
with a rudimentary third leaflet, on w'hich the vegetations of the subacute bacterial 
endocarditis w’ere engrafted The valve leaflet had been perforated 
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C\sb 9 — A man aged 24, with cardiac disease had been Msiting the cardiac 
clinic for main a cars Two years pre\ious to the present admission he had been 
hospitalized for an attack of acute rheumatic fcAer with arthritis and further 
cardiac imoUement 

EieAcn weeks before admission he had a tooth treated and then extracted An 
apical abscess was found Two weeks folloAving the incident he noted general 
weakness, malaise and increasing pallor His condition became progressnel} worse, 
and a record of his temperature show'ed daily rises, on some days up to 101 F 
Five w'eeks before admission a pain developed in the left leg wdiich persisted for 
SIX or seven da 3 's One week later a similar pain appeared in the right arm and 
shoulder, wuth inability to raise the arm This also cleared up Ten days before 
admission arthralgia developed in the right toe and in the ring fingers of both 
hands, and four dajs later a sharp sticking pam appeared in the left upper 
quadrant of the abdomen Just before admission he noted orthopnea and nocturnal 
dyspnea 

Physical examination revealed the patient to be acutely ill, dyspneic and 
orthopneic, and his temperature 101 F A petechia was present in the left lower 
conjunctiAa The heart was enlarged to the right and left, and the murmurs and 
dj'namics of mitral and aortic insufficiency and aortic stenosis were present There 
w'as tenderness in the left upper quadrant of the abdomen Clubbing of the fingers 
and hematuria were noted 

The blood culture w'as positive for Str vindans, with 35 colonies per cubic 
centimeter The patient died five weeks after admission An autopsy was not 
permitted 

Case 10 — A married woman, aged 33, a quadnpara, had had one stillbirth, one 
spontaneous abortion at ten w'eeks and two normal deliveries Eighteen years 
before admission she had an attack of “tonsillitis,” followed by stiffness of both 
hands and wrists and then of the shoulders This lasted for three months and 
recurred twice during the two succeeding years, each attack lasting approximately 
tlie same length of time Eleven years before admission she was told that she had 
a cardiac murmur For the preceding eleven years she had had occasional sharp 
pains to the left of the sternum which came on suddenly and lasted only a few 
minutes One year before admission she suffered from an attack of palpitation, 
with a regular cardiac rate of 150 At this time she was in bed for two weeks 
Four weeks following the first attack she had a second Rest in bed for one day 
corrected this 

The more immediate histor}’^ dates back six months previous to admission, when 
she began to have pain on bending the metacarpal phalangeal joint of the right 
index finger This persisted to the time of admission to the hospital One month 
before hospitalization she had pam in the left mandibular joint, which lasted for 
a few days and recurred two weeks later This was still present at the time of 
admission, and made chev mg painful 

Ten weeks before admission she had all her upper teeth and one of her lower 
teeth remolded Since then she had lost 8 pounds (3 6 Kg), and for the past six 
or sev en weeks her temperature had been from 100 to 102 F during the day, rising 
higher during the night She had a shaking chill lasting from ten to fifteen 
minutes, seven daj's before admission There had been no embolic manifestation 
and no sjneope 

Physical examination revealed the patient to be well developed and well 
nourished The upper jaw was edentulous, and only six teeth remained in the 
lower jaw The eves, ears, nose, throat and lungs were essentially normal The 
heart was enlarged downward and to the left to the anterior axillary line There 
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was prominence of the pulmonar} conns The second pulmonic sound was louder 
than the aortic Ihere was a presystolic thrill and a crescendo murmur at the 
apex A low systolic murmur was present at the base 

The liver was palpable about 1 cm below the costal margin, and the spleen 
could just be felt 

The patient w'as in the hospital for seven and a half weeks during her first 
admission At that time the temperature ranged between 100 and 102 F , 
occasionally it rose to 103 or 104 F 

The sedimentation time was eighteen minutes The white blood cell count was 
10,000, with 64 per cent polymorphonuclears The hemoglobin content was 76 per 
cent The urine occasionally showed some erythrocytes Three blood cultures 
were positive for the alpha streptococcus 

While she was under observation there developed an Osier node on the left 
great toe, a splenic infarct and clubbing of the fingers The hemoglobin content 
dropped to 58 per cent at the time of her discharge 

She was readmitted moribund four months later and died within five minutes 
An autopsy was not permitted 

The sequence of events in this case was probably implantation on the endo- 
cardium resulting from the dental trauma m a person with rheumatic cardiac 
disease at a time when she was having a recurrent attack of low grade rheumatic 
fever 

SUMMARY 

Results of a study of 364 cases of subacute bacterial endocarditis 
suggest that the common portal of entry of the streptococcus is from 
foci of infection in the passages of the upper respiratory tract and the 
mouth Other portals of entry are the genito-urinary tract, otitic infec- 
tions and wound infections I have found no evidence of the gastro- 
intestinal tract as the poital of entry in any of the cases The onset 
with an acute infection of the upper respiratory tract or tonsillitis in 
many cases led to the conclusion that in these apparently benign infec- 
tions a transient bacteremia may occur The frequency of antecedent 
caidiac disease, usually rheumatic but sometimes atherosclerotic or 
syphilitic, or some congenital lesion, indicated that the streptococcus 
probably requires a previously diseased or abnormal endocardium on 
which to implant itself 

Ten cases of subacute bacteiial endocarditis are reported, in which 
a history of tonsillectomy or extraction of a tooth closely antedated the 
onset of symptoms, indicating that trauma of an infective focus about 
the teeth and pharynx may produce transient bacteremia and thus play 
a pait in promoting implantation on the endocardium 



EXPERIMENTAL RENAL INSUFFICIENCY PRO- 
DUCED BY PARTIAL NEPHRECTOMY 


HI DIETS COKTMNIKG WHOLE DRIED LI\ ER, LI\ ER RESIDDE 

AND LIVER EXTRVCT 

ALFRED CHANUTIN, PhD 

UNH\ ERSIT\ , \ ->1 

Chanutiii and Ferris ^ reduced renal tissue in the rat to a ininimuni 
compatible with life and demonstrated a piogiessne development of 
polyuria, albuminuria, retention of nitrogen, lenal hypertrophy, hyper- 
tension and cardiac hypeitroph} The animals were fed a stock diet 
containing a moderate amount of piotem Wood and Ethridge - 
reported pathologic changes in the kidney stumps of partially nephrec- 
tomized rats They noted changes m the glomeruli, tubules, small 
arteries and arterioles The arterial lesions were similar to those noted 
in human arteriosclerosis In the physiologic and pathologic changes 
that are seen after subtotal nephrectoni} an excellent oppoitunity is 
offered for studying tlie influence of various combinations of foodstufts 
and metabolites on the damaged kidney 

The present study was undertaken to ascertain the effect of feeding 
diets containing whole liver, liver protein and a concentrated aqueous 
extract of liver to animals with acute and potential renal insufficiency 
The degiee of lenal insufficiency, hypertension and azotemia and the 
relationship of the size of the heart, kidney and liver to the surface 
area were studied by the methods described by Chanutin and Ferris ^ 

The effect of diets high in protein on the kidneys of experimental 
animals has been studied b} numerous investigators The literature has 
been reviewed by Mitchell,® Bischoff and others It is difficult to intei- 
pret the results reported, since there were variations m the diets, species 
of animals, the type and the amount of protein fed, the length of feeding 
time and the age of the animals Estimates of the degiee of damage 
to the kidney have been based almost entirely on histopathologic studies, 
though stress has also been laid on the number of casts in the urine. 

This investigation was aided by a grant from the National Research Council 

From the Laboratory of Phj'siological Chemistry, the University of Virginia 

1 Chanutin, Alfred, and Ferris, E B , Jr Experimental Renal Insufficiency 
Produced hi' Partial Nephrectomy I Control Diet, Arch Int Med 49 767 
(May) 1932 

2 Wood, J E, and Ethridge, C Proc Soc Exper Biol & kled 30 1039, 

1933 

3 Mitchell, H H J Nutrition 1 271, 1929 

4 Bischoff, Fritz J Nutrition 5 431, 1932 
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albuminuria and changes in the concentration of the nonprotein nitrog- 
enous constituents of the blood 

The feeding of diets rich in liver to white rats has consistently pio- 
dticed renal damage Newbuigh and Curtis = and Newbuigh and Johns- 
ton ® demonstrated seveie renal lesions in the white rat after feeding 
them diets containing 40 per cent or more whole diied liver From 
then experiments, they believed hvei to be the most nephrotoxic of the 
natuial foods studied Blatherwick and his co-workeis^ demonstiated 
maiked lenal changes in the kidney of unilaterally nephrectomized rats 
fed a diet rich m vhole dried liver Both Mitchell ^ and Newburgh and 
Johnston ® postulated that the renal damage m these cases might have 
been due to substances present m natural foods other than the piotein 
The lattei workeis showed that small quantities of sodium nucleate 
weie capable of pioducing renal lesions 

The expel iinents leported in this paper demonstrate that the quan- 
tity of whole livei and the type of liver fraction may influence the syn- 
di ome noted in partially nephrectomized rats 

EXPERIMENTAL METHODS 

The animals were raised m this laboratory They were maintained on a pre- 
pared adequate stock diet until they were between 60 and 70 days old, when 
subtotal nephrectomy, unilateral nephrectomy or control laparotomy was per- 
formed They were immediately given the experimental diets A maximum 
number of six rats were kept m a cage and allowed food and water ad libitum up 
to the time of death All animals were killed while in good health at definite 
intervals, with the exception of a few animals that appeared to be slightly ill, 
or acutely ill and about to die No quantitative record of intake of food was 
attempted 

The details of the experimental procedure have been presented in a previous 
article,^ but a brief summary of the methods used will be given here All animals 
selected for the experiment were anesthetized with ether for the operation Sub- 
total nephrectomy was performed by bringing the left kidney to the surface, placing 
loops of white cotton thread tightly in position around each pole and then ligating 
the renal tissue by closing the loops By this method the circulation of the blood 
was shut off from about two thirds to three fourths of the left kidney One week 
later the right kidney was excised Unilateral nephrectomy was preceded by 
bringing the left kidney to the surface, exposing and then replacing it, the right 
kidney was removed one week later The control animals underwent the same 
operative procedure, the kidneys being exposed, handled and replaced 

Twenty-four hour specimens of urine were obtained for the concentration test 
by placing the rats in individual metabolism cages Food was withdrawn twenty- 
four hours before the rat was placed in the metabolism cage in order to eliminate 
the possible effect of food metabolites on the urinary excretion Food and water 

5 Newburgh, L H , and Curtis, A C Production of Renal Injury in the 

White Rabbit by the Protein Diet, Arch Int Med 42 801 (Dec ) 1928 

6 Newburgh, L H , and Johnston, MW J Clin Investigation 10 153, 

1931 

7 Blatherwick, N R , Medlar, E M , Connolly, J M , and Bradshaw, 
P J J Biol Chem 92 Ixxxiv, 1931 
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^^ere ^\^thd^a\\n during the period of the concentration test In a few cases, 
indicated in the tables, tlie concentration test was carried out without the pre- 
liminary removal of food In the estimation of urinary protein heat was applied 
to cause coagulation, and the coagulum was washed, dried and weighed All 
blood pressure readings were obtained by inserting a cannula in the carotid artery 
Before inserting the needle the animals were anesthetized wnth ether The final 
blood pressure reading was made while the reflexes w'ere active, but before the 
animal struggled Small quantities of blood necessary for the analysis of hemo- 
globin and nonprotein nitrogen were obtained by clipping the tail The rat w'as 
exsanguinated by cutting the carotid artery The atria of the heart were removed 
before weighing, so as to obtain the weight of the ventricles The kidneys and 
Iner were blotted free from excess blood and weighed immediately after removal 
The surface area was calculated from the weight of the intact animal by the 
formula of Lee s 

Eight experimental diets were used The composition of the diets is shown 
in table 1 The first six diets differed only in the percental concentration of the 
whole dried liver, which was the chief source of protein Hog liver kept in cold 

Table 1 — Composition of Rations 


Concentration of Component m 
Diet, per Cent 
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5 

5 

4 

14 
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13 
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63 

18 

5 

5 

4 

18 

L 

20 

20 




52 

14 

5 

5 

4 

22 

L 

40 
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SO 

16 

5 

6 

4 

44 

L 

CO 

60 




12 

14 

5 

5 

4 

62 

L 

SO 
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6 

5 

5 

4 

82 

L 

Res 


80 




6 

5 

5 

4 

96 

L 

Ext 



30 

20 

37 


5 

5 

4 

39 


■* E\pressed m cubic centimeters 

f From Osborne and Mendel (J Biol Chem 37 672, 1919) 


storage was purchased in large quantities It was ground without the loss of 
tissue juice, dried in a large steam-heated container and ground to a fine powder 
The protein in the seventh diet consisted of the residue of the liver after the 
water-soluble constituents had been removed The eighth diet consisted of 
extracted beef muscle (meat residue) plus a concentrated solution of the water- 
soluble constituents of hog liver, 1 cc of the extract representing 7 5 Gm of whole 
liver 


For convenience, numerous abbreviations are used in this article The first 
SIX diets are designated L 10, L IS, seriatim, in accordance with the percentage 
of the whole dried liver in the diet, the seventh diet, in which liver residue was 
used, IS indicated by L Res , and the eighth diet, in which meat residue plus 
aqueous liver extract was used, is indicated by L Ext The ratios of the weights 
of the heart, kidneys and liver to the surface area are expressed by 

respectively 

A detailed histopathologic study of the kidneys of the killed animals was made 
bj K’angs 


8 Lee, MO Am J Physiol 89 24, 1929 

9 K’ang, H J Unpublished data 
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EXPERIMENTAL RESULTS 

o/j —Observations on the intact and on the unilaterally neplirec- 
toinired rats are shown in table 2 The urinary volume obtained in 


Tauih 2~Noimal Values in Control Animals Fed a Variety of Diets 
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the conccntiation test exceeded 5 cc in only four of the one hundred and 
si\t}-fiYe controls Although those animals receiving the 10 per cent 
whole liver diet had an unusually small urinary output, it may be said 
that in general the urinary volume of the entire series did not vary 
greatly with the dietary changes The specific gravity of the urine 
vaiied considerably in individual members of the different groups, but 
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the a^erage specific graMt) in am one group ^\as independent of the 
diet The group ai eragcs fell betM een 1 0450 and 1 0594 Hence, it 
will be seen that the a olume and the specific gravity of the urine excreted 
by the intact and unilateralh nephrectomized rats aie not appreciably 
affected b\ the nephrectomy oi the diet 

In a few cases in which a quantitative analysis for urinary protein 
w as carried out, 0 05 Gm w as the maximum found 

Of the eighty-five intact control animals, there were three rats with 
blood pressure above 140 mm of mercury In the case of eighty uni- 
laterally nephrectomized rats, eight animals had elevated blood pressure 
The animals w'lth h3fpertension were uniformly distributed among the 
various dietary groups Unilateral nephrectomy apparently increased 
the tendency toward higher blood pressure 

The average value of the ratio did not change in the controls 
fed the different diets Except in younger animals, there was a high 
degree of correlation betw'een the - ratio and the blood pressure 
reading 

L W 

The average values of the -sX" ratio were increased in the rats 
receiving the larger amounts of whole liver in their diets Those ani- 
mals on diets that were 40, 60 and 80 per cent whole liver presented 
definitely fatty livers Animals receiving the diet containing liver 
lesidue had hypertrophy of the liver, but it was not so great as that 
seen in rats ingesting the diet that was 80 per cent whole liver The 
livers of the rats on the diet containing liver residue were not fatty 
There was no noticeable change in the size of the livers of the animals 
receiving the diet containing liver extract 

The value of the "gX” ^^bo was roughly proportional to the amount 
of total nitrogen present in the diets based on whole dried liver and 
liver residue The increase in value of the average weight ratio of the 
kidneys of the intact control animals receiving 80 per cent whole liver 
was 56 per cent (0 577) greater than that of controls receiving 10 per 
cent whole liver (0 369) The liver residue caused a still greater hyper- 
trophy (0 588), owung peihaps, to the greater concentration of total 
nitrogen The kidne}s of the animals fed the diet rich in liver extract 
w'ere slightly larger than those of animals fed a diet based on whole 
hvei containing a comparable amount of nitrogen The degree of renal 
hjpertrophy in the unilaterally nephrectomized rats was greater than 
that in the intact rats In fact, the xx receiving 

the diet that w as 80 per cent wdiole liver had a value 67 per cent (0 456) 
greater than that of the group receiving 10 per cent (0 273) The diet 
containing h\er residue was responsible for the greatest hypertrophy 
(0475) The renal h}pei trophy of the rats fed the liver extract was 
about equal to that of the lats fed a diet that -was 60 per cent whole liver 
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Effect of Diet on Expenmental Animals —Oh?>e\vd.t\ons on the pai- 
Imlly nephrcctomized rats are shown in tables 3 to 10 

Because the urinary volume, urinary specific graMt>, uiinary protein 
and blood pressure were within fairly fixed limits in all the control ani- 
mals and did not vaiy appreciably with the different diets, the follow- 
ing values have been arbitrarily taken as the normal ranges for all 
animals on which experiments w'ere done urinary Aolume, fiom 0 to 
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10 per Cent Whole Livci 
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0 034 

27 

108 

104 

0 252 

0104 

1 90 

206 74 

95 

1 0141 

0 020 

28 

200 

100 

0182 

0145 

2 34 

120 70 

42 

1 0318 


29 

215 

100 

0193 

0145 

2 37 

148 

4 4 

10264 


SO 

143 

171 

0 250 

0191 


104 70 

4 7 

1 0232 


31 

188 

171 

0177 

0154 

218 

120 56 

1 7 

1 0471 


32 

102 

171 

0197 

0100 

215 

ISO 02 

34 

1 0360 


33 

270 

171 

0103 

0103 

2 30 

118 70 

44 

10204 



202 

219 

0 213 

0194 

200 

152 44 

3 5 

1 0345 


35 

100 

219 

0197 

0173 

1 88 

132 40 

2 2 

1 0297 


so 

132 

241 

0 207 

0 234 

2 21 

ICS 61 

65 

1 0228 

0 000 

37 

128 

241 

0 237 

0 234 

170 

102 50 

79 

1 0133 

0 019 


* Acutely 111 


5 cc , uiinaiy specific giavity, above 1 0400, unnaiy protein, from 0 000 
to 005 Gm and blood piessure, from 100 to 140 mm of mercury 
Because the nonprotein nitrogen of the control animals Avas influenced 
by the diet, the normal values for the expenmental animals were deter- 
mined by refeience to the comparable control group The heart was 

consideied enlarged when the value of the ~ ratio was greater 
than 0 2 

The specific differences apparently due to the different experimental 
diets aie given in detail 
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Ten Per Cent Whole Liver (Table 3) The unnarj \olume was within the 
normal range in 85 per cent of the animals, 16 per cent evereted between 5 and 
10 cc Despite the small ^olumc of the urine, the specific gravity was low The 
largest group (46 per cent) secreted urine with specific gravity between 1 0200 
and 1 0300, and 30 per cent betw een 1 0300 and 1 0400 Only two rats secreted 
urine with specific gravitj below 1 0200 The amount of protein excreted was 
determined in onl> eight animals, and the highest value was 0 034 Gm 

Normal blood pressure \vas seen in 60 per cent of the animals (thirty-seven) 
Fuc had blood pressure between 140 and 150 mm up to the one hundred and 
fifty-second day after operation At this time, the first readings of definitely 
increased blood pressure were seen in animals acutely ill (158, 168 and 160 mm) 
After this period, six of the fifteen rats in good condition had blood pressures 
abo\e ISO, two readings being 202 and 206 

Normal \alues for nonprotein nitrogen (from 25 to 60 mg per hundred cubic 
centimeters) w’Cre obtained m 74 per cent of the animals Elevated values were 
seen during the latter part of the experiment The highest concentration (100 
mg ) was seen in an animal acutely ill 

The ’■^tio could be correlated with the blood pressure only after the 

hundred and fifty-second day The values of the ratio varied from 0 067 

to 0 254 The average value (0 169) was representative of the majority of the 
kidney stumps The values of the ratio varied from 1 54 to 2 44 (aver- 

age, 2 0) 

One of the outstanding findings m the study was the long time which 
elapsed before hypertension developed in these rats Unquestioned 
hypertension was first observed about one hundred and fifty days after 
operation The volume of urine excreted during the concentration test 
was small, and the specific gravity was below the value obtained in 
control animals excreting the same quantity of urine The nonprotein 
nitrogen of the blood was variable in amount, but in the majority of 
cases the value was equivalent to that found m the control animals 
The fact that hypertension developed slowly and preceded evidence of 
renal damage must be considered as an important finding 

Fifteen Per Cent Whole Liver (Table 4) The volume of urine excreted was 
within the normal range (from 0 to 5 cc ) in 48 per cent of the animals Slightly 
increased amounts (from 5 to 8 cc ) were secreted by 43 per cent Only three 
of the fifty-eight rats secreted more than 8 cc , the highest value being 11 6 cc 
For the majority of the rats (52 per cent) the specific gravity was between 
1 0200 and 1 0300 , for 14 per cent between 1 0100 and 1 0200, and for 19 per cent 
between 1 0300 and 1 0400 The specific gravity seemed to be related roughly 
to the volume of urine The protein excreted in the urine varied between 0002 
and 0 112 Gm , 50 per cent of the values were between 0 000 and 0 050 Gm , and 
50 per cent were above this range 

Normal blood pressure was seen in 52 per cent of the animals (sixty-four) 
Of those killed between the forty-eighth and fifty-eighth days after operation, 
se\en of seventeen had blood pressure above 140 mm, the highest value being 
192 mm Between the hundred and fifteenth and two hundred and eighty-ninth 
davs, four of the forty-seven had hypertension It was possible to group the 
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rats with hypertension as follows from 140 to 150, 14 per cent, from 150 to 160, 
12 per cent, from 160 to 180, 17 per cent, and three had a pressure of 186, 190 and 
192 mm , respectively 

Table 4—Obscivattons on Pm holly N cphi ectonnced Ammals Receiving 

15 per Cent Whole Livci 




Dura 

Heart 

Kidney 

Liver 


Nonpro 
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Iwcnty Dour Hour Urine 



of 

Weight 

Weight 
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Blood 
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Surface 
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-A. 
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Gm 
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Cc 
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1 
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48 
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0179 

215 
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51 

37 

1023G 


2 

282 

48 

0 201 

0 224 

2 49 

130 

48 

3 4 

1 0470 


S 
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48 

0 208 

0171 

195 

150 

60 

32 

1 0351 


4 

184 

48 

0192 

0156 

2 25 

138 

57 

42 

1 0323 


5 

104 

50 

0108 

0123 

1 44 

178 

63 

38 

1 0225 


6 

200 

60 

0184 

0173 

2 20 
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57 

4 9 

10261 


7 

258 

50 

0 216 

0199 

2 23 

162 

73 

5 1 

1 0308 


8 

156 

60 

0175 

0185 

192 

124 

38 

1 3 

1 0420 
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144 

60 

0 218 

0197 

159 

192 


58 

1 0211 


10 

190 

53 

0183 

0159 

216 

124 

59 

5 3 

1 0271 


11 

154 

53 

0174 

0178 

2 00 

160 

54 

21 

1 0149 


12 

154 

58 

0172 
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199 

148 

63 

4 0 

1 0244 


13 

232 

58 
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0168 

2 23 
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48 

30 

1 0110 


14 
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58 
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0 216 
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15 
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"0 
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1 0190 


IG 
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115 
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0 230 
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114 
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0 219 

2 38 

120 

67 




22 

228 
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217 
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1 0230 

0102 

23 
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47 
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1 0300 


24 
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134 

53 
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148 

0178 

0148 
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43 
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1 0239 
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148 

0172 

0107 
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132 

31 

09 
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0 016 

27 

206 

148 

0182 
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1 85 

ISC 

39 

S 5 

1 0397 
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0 210 

0179 

2 08 
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40 

68 

1 0232 

0 076 

29 
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0 211 
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48 
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1 0237 

0 030 
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46 

32 

10315 
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158 

0192 

0197 

2 38 
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39 

3 5 
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32 
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57 

75 

1 0260 

0 079 

33 
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0 200 

0 206 

2 21 

134 


62 

10291 

0 048 

34 

122 

160 

0 233 

0128 
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ICO 

GO 

75 

1 0150 

0 010 

35 
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45 

70 
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0189 
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1 0220 
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42 
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39 
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0192 

0174 
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55 

21 

1 0119 


40 

178 
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0 205 

0 216 

2 05 

174 

75 

43 

1 0377 


41 

244 

ISO 

0163 

0157 

2 02 

324 

50 

58 

1 0221 

0 009 

42 

250 

180 

0 206 

0191 

2 37 

338 

56 

4 3 

1 0307 

43 

158 

180 

0153 

0134 

187 

118 

52 

23 

7 0280 


44 

226 

180 

0167 

0186 

210 

324 


22 

1 0228 


45 

270 

188 

0 205 

0177 

213 

340 

59 

2 9 

1 0419 


46 

200 

193 

0 237 

0195 

2 04 

174 

63 

11 0 

1 0101 

0 070 

47 

238 

193 

0189 

0199 

200 

140 

48 

37 

1 0305 

48 

146 

198» 

0 270 

0 258 

2 05 

172 

70 

70 

1 0207 

0 017 

49 

274 

198 

0189 

0 245 

2 01 

336 


4 2 

1 0276 

60 

230 

198 

0 231 

0199 

2 01 

190 


55 

1 0232 

D OO'j 

61 

316 

198 

0 204 

0 210 

2 42 

124 

56 

27 

1 0373 


62 

190 

257 

0 201 

0 262 

2 29 

338 

50 

3 5 

1 O'ina 


53 

244 

275 

0 247 

0 200 

194 

186 

86 

7 0 

1 0210 

n 010 

54 

170 

275 

0 216 

0 280 

181 

168 

63 

80 

1 0180 

oor»o 

65 

184 

280 

0 184 

0196 

2 20 

164 

48 

5 7 

1 n?4i 
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56 

67 

68 
59 
GO 
Cl 
62 

63 

64 

246 

160 

168 
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286 

220 

180 

192 

210 

280 

280 

280 

280 

280 

289 

289 

289 

289 

0 202 

0 218 
0194 
0197 
0185 

0 229 

0 236 
0173 

0 209 

0 212 

0 252 

0 216 

0 202 
0198 

0 269 

0 213 

0 202 

0 276 

212 

198 

2 08 

227 

2 24 

213 

218 

2 38 

217 

172 

140 

140 

150 

144 

176 

124 

134 

150 

59 

44 

67 

50 

48 

76 

73 

42 

49 

SO 

09 

08 

75 

55 

83 

64 

32 

84 

1 0229 

1 0217 

1 0218 

1 0271 

1 0287 

1 0207 

1 0102 

1 0328 

1 0190 

0 070 

0 074 

0 036 

0 092 

0 049 
0112 

0 010 

GOTO 


* Acutely 111 
t Slightly ill 
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Xormal ^alucs for nonprotcm nitrogen were obtained in 72 per cent of the 
rats The highest \alue (108 mg) was seen in an animal acutely ill 

Fortj-sc\en per cent of the animals had talues for theS^^^ — ratio above 0 2 
The majoritj had hypertension The values of -y- Y— ratio \aried between 144 

O aV 

and 2 49 (a\erage, 2 06) The values of the Y ratio varied betw^een 0123 and 

0 28 (average, 0 216) Both these average values were fairly representative 

Within sixty days after partial nephrectom), a number of rats 
showed well marked hypertension This is rathei striking in view of 
the long latent period before the appearance of hypertension m the ani- 
mals receiving the diet that was 10 per cent whole liver 

The second largest percentage of animals with normal urinary out- 
put w'as seen m this group The output of urinary protein was higher 
than with the previous diet The letention of nitrogenous materials 
was not marked In other words, on this diet h}pertension developed 
sooner, and evidence of mildly decreased function of the kidney made 
its appearance 

Twenty Per Cent Whole Liver (Table 5) The urinary volume in 28 per 
cent of the rats was within normal limits (from 0 to 5 cc ) Slightly increased 
amounts (from 5 to 8 cc ) were excreted by 39 per cent of this group, and 11 
per cent excreted from 8 to 10 cc A significant effect of this diet was manifested 
by the increase in the number (18 per cent) excreting between 10 and IS cc of 
urine Two excreted 17 8 and 18 1 cc The rats were grouped with respect to 
specific gravity of the urine as follows from 10100 to 1 0200, 16 per cent, from 

1 0200 to 1 0300, 39 per cent , from 1 0300 to 1 0400, 31 per cent, and above 1 0500, 
6 per cent With respect to urinary protein, they were grouped as follows from 
0000 to 0 050 Gm, 21 per cent, from 0 050 to 0100 Gm , 35 per cent, from 0100 
to 0150 Gm , 30 per cent, and from 0150 to 0 226 Gm, 12 per cent One animal 
excreted 0 319 Gm 

Fifty-seven per cent of this group (sixty-one) had normal blood pressure The 
first increased blood pressure (170 mm ) was noted on the forty -fourth day 
Those with increased blood pressure were grouped as follows from 140 to ISO 
mm, 13 per cent, from 150 to 160 mm, 8 per cent, from 160 to 180 mm, 13 per 
cent, and from 180 to 200 mm , 8 per cent 

The nonprotein nitrogen values continued to remain relatively low The 
majority (68 per cent) showed no retention, 25 per cent had slightly increased 
values (from 60 to 80 mg ), and in only one case was there a value above 100 mg 
per hundred cubic centimeters 

The values of the ratio were above 02 in 46 per cent of the rats This 

ratio did not appear to be related to the blood pressure during the first five months 

after the operation Excessively high values (above 0 3) were obtained in three 

cases The values of the- b . )Y . ratio varied from 1 82 to 2 92 (average, 2 27) 

^ A 

Those of the -ratio varied from 0149 to 0 423 (average, 0252) After the 

o A 

seventy-third day the values were consistently increased 

The addition of a relatively small amount (5 Gm ) of whole dried 
liv'er to the preceding diet seemed responsible for an appreciable increase 
in the degree of polyuria and the excretion of uiinary protein How- 
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ever, theie was little diffeieiice in the occiiireiice and extent of hyper- 
tension The fiist case of hypertension was seen on the foity-fonith 
day after operation Aftei this, high blood piessure was noted at fre- 
quent inteivals The animals in this giotip showed no sti iking changes 
in the degiee of retention of nitrogen in the blood The group was 
chaiactenzed by frequent evidence of inci eased functional impairment 
and little increase in hypei tension 


Table S —Obsei vahous on Pat holly Neph ecfonnzcd Aiumals Receiving 


20 pel Cent Whole Lwci 




Dura 

Heart 

Kidney 

Liver 


Nonpro 

tein 

Tuentj Four Hour Ur no 



of 

Weight 

Weight 

Weight 

Blood 

Nitro 

Concentration Test 



Experi 

Surface 

Surface 

Surface 

Pres 

gen. 

^ — ■ 



— 


Weight, 

inent, 

Area 

Area 

Area 

swrc/ 

Mg per 

VoJumc 

Specific 

Albumin, 

Bat 

Gm 

Days 

xiOO 

xlOO 

XlOO 

Mm 

100 Cc 

Cc 

Gravity 

Gm 

1 
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14 
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52 
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14 
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06 
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S 
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14 
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27 
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4 
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14 
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5 
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14 
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27 

34 

1 0307 


6 
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44 
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120 

49 

87 
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7 
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44 
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2 09 
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58 

78 
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8 
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56 
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9 
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56 
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1 0339 


10 

221 
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03 
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11 
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50 
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12 
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44 

64 
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02 

79 
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0 062 

0 050 

0 053 
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0 000 

0 090 
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Forty Per Cent Whole Lner (Table 6) The urinary ^olun■le was wnthin 
the normal range in 12 per cent of the animals The rats secreting amounts 
greater than normal were grouped as follows from 5 to 10 cc , 31 per cent , from 10 
to 15 cc, 39 per cent, and from 15 to 20 cc, 15 per cent Two rats excreted 207 
and 21 cc According to the specific gra\itj of the urine, the groups w'ere from 


Table 6 — Observations on Partially Nephi ectomiacd Animals Receiving 
40 per Cent Whole Liver 
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5 
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17 
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54 
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0 015 

6 
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9 
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97 
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10 
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44 

0 223 

0 313 
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132 
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45 
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11 
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44 

0187 

0 323 
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138 

77 
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12 
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47 

0184 
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2 29 

164 

71 

83 
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13 

236 

47 

0174 

0 258 

2 41 
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44 

67 

10413 

0 018 

14 

214 

47 

0159 

0 286 

2 24 

140 

45 

54 

10379 


13 

157 

47 

0 203 

0 271 

2 04 

174 

80 

95 

1 0231 

0104 

16 

209 

47 

0187 

0 313 

2 22 

126 

82 

11 4 

10267 

0187 

17 

261 

50 

0 208 

0 285 

2 78 

128 

63 

58 

10367 


18 

234 

50 

0190 

0 266 

2 77 

130 

58 

32 

1 0434 


30 

240 

60 

0180 

0 260 
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182 

63 

45 

10399 


20 

247 

61 
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0 468 

2 34 
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1 0258 
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21 
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72 
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20 7 

10136 

0 093 

22 
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72 
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0 420 

2 53 

176 

91 
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0 372 

23 

241 

72 
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0 365 

2 81 

158 

98 
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0 083 

24 
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78 

0191 
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2 46 
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64 
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0 065 

25 

193 

78 

0179 

0 272 
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1 0192 
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26 
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87 

0 281 

0 744 
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212 
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17 0 
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27 
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292 
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70 
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23 
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10187 

0 033 

29 

1S3 

92 

0 222 

0 392 
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168 
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0120 

SO 
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92 

0 264 

0 618 

2 78 
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1 0202 

0114 

31 

237 
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0 372 

2 55 
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88 
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10272 

0145 

32 

153 

92 
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0 023 

3 47 

144 
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13 7 

10193 

0163 

3.5 
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0183 

0 256 

2 91 

134 

58 
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10179 

0 039 

34 
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123 

0 309 

0 382 

263 
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63 

12 0 

10235 

0 093 

33 

189 

142 

0 248 

0 403 

2 39 
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90 

11 5 

10227 

0 002 

36 

373 

14S 

0 204 

0 435 

2 85 

154 

71 

16 4 

1 0229 

0 030 

37 

200 

148 

0 222 

0 568 
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176 
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0184 

38 
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0 442 

2 47 

132 

89 

17 7 
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0180 

SO 

2S9 
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0182 
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2 49 

138 

44 

58 

1 0308 

0 060 

40 

321 
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0171 

0 304 

2 77 

136 

59 

88 

10298 

0188 

41 
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160 

0191 

0 364 

2 59 

136 

62 

38 

1 0265 

0183 

42 

227 

ICO 

0185 

0 446 

2 33 

180 

103 

116 

10229 

0 204 

43 

345 

160 

(J234 

1020 

218 

196 

145 

18 2 

10155 

0 078 

44 

304 

IGO 

0 230 

0 518 

2 39 

156 

106 

15 8 

10117 

0163 

43 

233 

160 

0178 

0290 

19S 

154 

105 

210 

10136 

0 039 

46 

330 

184 

0 193 

0 407 

2 38 

130 

86 

10 0 

10251 

0 214 


1 0100 to 1 0200, 28 per cent , from 1 0200 to 1 0300, 48 per cent, and from 1 0300 
to 1 0400, 20 per cent Two animals excreted urine with specific gravity above 
1 400 According to urinary protein, the groups were as follows from 0 000 to 
0 05 Gm, 21 per cent, from 005 to 01 Gm, 26 per cent, from 01 to 015 Gm, 
21 per cent, from 015 to 0 2 Gm , 20 per cent, and from 02 to 0214 Gm , 10 
per cent, and one rat excreted 0 372 Gm 

Animals with normal blood pressure comprised 54 per cent of this group 
(forty-six) The first rat with hypertension was seen on the fourteenth day, and 
the next on the forty-sea enth day The animals wath hypertension were grouped 
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as follows from 140 to 160 mm, 20 per cent, from 160 to 180, 20 per cent, and 
three had pressures above 180 mm 

Fewer animals (28 per cent) in this group had a normal concentration of 
nonprotem nitrogen than in the preceding groups Those with retention were 
grouped as follows from 60 to 80 mg , 28 per cent , from 80 to 100 mg , 22 per 
cent, and from 100 to 150 mg , 22 per cent 

The ■ ratio was normal in 46 per cent of this group There was a poor 

S A 

relationship between the ~ ratio and the blood pressure The values of the 
■ ratio varied between 1 92 and 3 42 (average, 2 52) The values of the 
ratio varied between 0116 and 102 (average, 0 361) 

A striking contrast between the rats receiving this diet and those 
receiving the preceding diets was manifested in the change in iirinaiy 
volume There was a definite and rather marked increase in the volume 
of urine excreted during the concentration test The specific gravity of 
these specimens was lower The albumin excreted was only slightly 
greater Retention of nitrogen was more marked and frequent in those 
receiving the diet richer in nitrogen Despite the fact that the renal 
function appeared to be more seriously damaged in these rats, there was 
little effect on the occurrence, incidence and distribution of hypertension 

Sixty Per Cent Whole Liver (Table 7) The volume of unne excreted was 
within normal range in 24 per cent of the animals Those with volumes above 
normal were grouped as follows from 5 to 10 cc, 20 per cent, from 10 to 15 cc, 
34 per cent, and from 15 to 20 cc , 20 per cent One animal excreted 20 5 cc 
With respect to the specific gravity of the unne the rats were grouped as follows 
from 1 0100 to 1 0200, 32 per cent , from 1 0200 to 1 0300, 38 per cent , from 
1 0300 to 1 0400, 28 per cent The urine of one animal had a specific gravity 
above 1 0400 With respect to the urinary protein excreted, the rats were grouped 
as follows from 0 000 to 0 05 Gm , 23 per cent , from 0 05 to 01 Gm , 28 per 
cent, from 01 to 0 15 Gm , 21 per cent, from 0150 to 02 Gm , 21 per cent, and 
from 0 2 to 0 25 Gm , 7 per cent 

Animals with normal blood pressure comprised 45 per cent of this group 
(fifty-one) The first rat with hypertension was noted on the twenty-third day 
after the operation, and increased blood pressure was seen at frequent intervals after 
this The rats with hypertension were grouped as follows from 140 to 160 mm , 
31 per cent, from 160 to 180 mm, 16 per cent, and from 180 to 200 mm, 8 per 
cent 

Twenty-eight per cent of this group had concentrations of nonprotem nitrogen 
within the normal range Those with retention were grouped as follows from 
60 to 80 mg, 16 per cent, from 80 to 100 mg, 18 per cent, and from 100 to 150 

I ^4 per cent Two rats had concentrations of 186 and 174 mg , respectively 

The values of the^^ratio were above 02 m 33 per cent of the cases There 

was a poor relationship between the ratio and blood pressure up to the 

ninety-second day The values of the - ratio varied between 185 and 328 

(average, 2 52) The values of the ratio varied between 0 177 and 0 71 

(average, 0 41) 
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The only significant difference present in this group \\as in the 
increased frequency of retention of nitrogen This fact could not be 
correlated with the damage to the kidney as judged by the concentra- 


Table 7 — Obsovaiions on Partially Nephrcctomiacd Animals Receiving 
60 per Cent Whole Livet 
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Twenty-rour Hour Urine 



of 

Weight 
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Mg per Volume 
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Qm 

Days 
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XlOO 
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Mm 
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Cc 

Gravity 

Gm 

1 
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13 

0171 

0 209 

2 72 
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06 

77 

1 0283 

0 035* 

2 
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15 
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0 018* 
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0149 
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no 

81 

1 02n 

0 068* 

8 
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98 
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D 
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98 
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0157* 

12 
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47 

0194 
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51 

74 
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50 

116 
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14 
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148 
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13 9 

10169 

0 049 

15 

207 

09 

0187 

0 502 

2 21 
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05 
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10217 

0 069 

16 
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92 

0 253 
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2 25 
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132 

14 0 

1 0165 


17 
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93 

0 213 
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2 78 

148 

8S 

10 0 

1 0241 
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IS 
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0 213 

0 480 

2 40 
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1 0154 

0 049 

10 
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0 219 

0 790 

2 59 
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19 2 

10154 

0136 

20 

2S-. 
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0199 

0 218 
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104 
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128 

0 224 

0 373 

2 20 
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14 0 
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0 094 

25 

303 
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127 

15 8 

10109 


20 
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133 

0187 
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60 
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0 219 
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2 79 

118 

72 

55 
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0 025 

28 
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0185 
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2 70 
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83 

8 5 
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0123 

29 
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0194 
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138 

50 

4 5 
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0 527 
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71 
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0 074 

SO 
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0 071 
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4S 
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55 
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40 
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3 28 
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0 018 

30 
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50 

46 

103S3 
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01 

210 

183 
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0 310 

2 95 

120 

47 

53 

10383 

0 054 


* Ono dar concentration test 


tion test There was a slight increase in the percentage of animals hav- 
ing increased blood pressure 

Eightj' Per Cent Whole Liver Diet (Table 8) The volume of urine was within 
normal limits in 2 per cent of the rats Rats with volume above normal were 
grouped as follows from 5 to 10 cc, 35 per cent, from 10 to 15 cc, 39 per cent, 
from 15 to 20 cc , 21 per cent, and two rats excreted 20 7 and 22 1 cc , respectively 
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With respect to the specific gravity of the urine, the rats were grouped as 
from 1 0100 to 1 0200, 43 per cent , from 1 0200 to 1 0300, 48 per cent, and from 1 0300 
to 1 0400, 9 per cent With respect to the urinary protein excreted, they were 
grouped L follows from 0 000 to 0 50 Gm , 60 per cent, from 0 50 to 0 100 Gm , 
23 per cent, from 0 100 to 0 150 Gm, 13 per cent, and from 0150 to 0200 Gm, 
4 per cent 


Table ^—Observation's on Partially Nephi ectomized Animals Receiving 

80 per Cent Whole Liver 
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0 057 
0182 

0 232 
0150 

0 022 


* One day concentration test 
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There was a large number of animals (62 per cent) with normal blood pressure 
This may be due to the larger percentage of j'ounger animals studied m this 
group The first hjpertensue rat w’as seen on the fortieth day after operation 
The hypertensive animals were grouped as follows from 140 to 150 mm, 13 per 
cent, from 150 to 160 mm, 13 per cent, and from 160 to 194 mm, 12 per cent 
Seven per cent of the animals in this group had normal nonprotein nitrogen 
concentration Those with retention were grouped as follows from 75 to 100 
mg, 19 per cent, from 100 to 150 mg, 39 per cent, from 150 to 200 mg, 28 per 
cent, and from 200 to 250 mg , 7 per cent 

The values of the ratio were increased in 24 per cent of the animals 

The values of the- ^ - ^ ■ ratio varied between 193 and 3 26 (average, 2 54) The 

s ^ 

v'alues of the ratio varied between 0166 and 1 17 (average, 0 453) 

This diet caused a still further increase in the retention of nitro- 
gen The percentage of animals having polyuria during the concentra- 
tion test was slightly greater than that of any of those receiving the 
preceding diets The number of rats with hypertension within a given 
period after operation seemed to be smaller than in the groups receiving 
the diets containing smaller quantities of liver There was a diminution in 
the amount of urinar}'^ protein excreted by these animals The values 
of the - T ^ ■■ ratio were smaller for the animals of this group than for 
those of the same age in the previously described dietary groups, par- 
ticularly as concerned younger animals Despite the comparatively high 
mortality and increased renal damage, the toxicity of the diet was not 
reflected m any striking effect on the blood pressure 

Eighty Per Cent Liver Residue (Table 9) Twenty-six per cent of this group 
had normal urinary volume Those with increased volume were grouped as 
follows from 5 to 10 cc , 34 per cent , from 10 to 15 cc , 26 per cent , from 15 to 

20 cc, 10 per cent, and 2 rats excreted 22 7 and 231 cc, respectively With 
respect to the specific gravity, the rats were grouped as follows from 1 0100 to 

I 0200, 15 per cent , from L0200 to 1 0300, 58 per cent , from 1 0300 to 1 0400, 

21 per cent, and from 1 0400 to 1 0600, 6 per cent The amount of urinary protein 
was less than that excreted by those receiving diets L 20, L 40 and L 60, as shown 
by the following grouping from 0 000 to 0 05 Gm , 67 per cent , from 0 05 to 
0 1 Gm , 10 per cent , from 01 to 0 2 Gm , 12 per cent, and from 0 2 to 0 25 Gm , 

II per cent 

An unusually large number had a blood pressure below 120 mm (27 per cent), 
and 58 per cent had a blood pressure between 120 and 140 mm , and 85 per cent of 
the total number had a blood pressure within normal limits A slight increase was 
noted in 13 per cent, and 2 rats had blood pressures of 152 and 172 mm , respec- 
tively 

Normal nonprotem nitrogen concentration was seen in 23 per cent of the rats 
Those with retention were grouped as follows from 100 to 150 mg , 34 per cent , 
from 150 to 200 mg, 25 per cent, from 200 to 250 mg, 9 per cent, and from 
250 to 300 mg , 9 per cent 

The values of the - 1 - ^— ratio were elevated in 17 per cent of the group The 

o A 

values of the — J Y .. ratio varied between 1 87 and 3 18 (average, 2 42) The values 
S A 

of the ratio varied from 0163 to 106 (average, 0 534) 

S A 
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The response to this diet was unexpected and difficult to explain 
The large number of animals with retention of nitrogen, polyuria and 
lowered specific gravity was evidence of an appreciable loss of renal 
function However, despite this damage, few animals showed excessive 


Table 9 —Observations on Partially Nephrectowiced Animals Receiving 

80 per Cent Lwci Residue 
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excretion of protein or hypertension It should be pointed out that 
although this diet was the richest m nitrogen content, the moitality 
rate was not so great as that of the animals fed the diets containing 
whole liver with a much smaller concentration of nitrogen 

Diet Rich in the Water-Soluble Constituents of Liver (Table 10) The 
urinary volume was normal in 22 per cent of the animals Those with inci eased 
volume were grouped as follows from 5 to 10 cc, 39 per cent, from 10 to 15 cc 
37 per cent, and two rats excreted 192 and 206 cc, respectivelv With lespect 


736 


ARCHIVES OF INTERNAL MEDICINE 


to the specific gra\itj', the rats were grouped as follows from 10100 to 10200, 
17 per cent, from 10200 to 1 0300, 59 per cent, from 10300 to 10400, 22 per 
cent, and one rat had a specific gravity of 1 0410 With respect to the amount 
of urinarj' protein excreted, they were grouped as follows from 0 000 to 0 50 Gm , 
27 per cent, from 0 05 to 0 1 Gm , 30 per cent, from 01 to 0 15 Gm , 20 per cent, 
from 0150 to 02 Gm , 17 per cent, and two rats excreted 0 214 and 0216 Gm, 
respectn el}' 


Table 10 — Observattous on Partially Ncphrectomizcd Animals Receiving a 
Diet Rich in Aqueous Lwci Extract 
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Fifty-six per cent of this group had blood pressures within normal limits 
Those with elevated blood pressures were grouped as follows from 140 to ISO 
mm, 12 per cent, from 150 to 160 mm, 10 per cent, from 160 to 180 mm, 17 
per cent, and from 180 to 200 mm , 5 per cent 

Normal nonprotein nitrogen concentrations were seen in 17 per cent of the 
animals Those with retention were grouped as follows from 50 to 100 mg , 
63 per cent, and from 100 to ISO mg, 17 per cent 

The values of the ratio were elevated in 41 per cent The values of the 

ratio varied between 172 and 3 70 (average, 2 41) Those of the 
ratio ranged between 0 229 and 0491 (average, 0 336) 
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This diet caused the gieatest mortality among the experimental ani- 
mals Despite the apparent toxicity, the concentration test did not 
indicate severe renal insufficiency, nor was the albuminuria particularly 
marked, and the retention of nitrogen was only moderately elevated. 
The frequency and the degree of hypertension were no more marked 
than in animals fed modeiate oi large quantities of whole liver 


ANALYSIS OF OBSERVATIONS 

If graded amounts of a nephrotoxic material are added to the diet 
of partially nephrectomized rats, the effects should be manifested to 
a certain degree in the volume of urine, the ability to concentrate urine, 
the amount of protein in the urine, the blood piessuie, azotemia and 
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HI 
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the weights of the heart, liver and kidney The effects of the various 
diets containing liver on each of these functions and on the organs 
studied are discussed 

U7ine Concent) ahon Test — ^The ability of the organism to retain 
fluid during a period of abstinence from food and water has been utilized 
as a test of renal function Intact and unilaterally nephrectomized ani- 
mals secrete small amounts of concentrated urine Chart 1 shows m 
diagrammatic form the effects of the various diets on the urinary 
volume of partially nephrectomized animals The progressive increase 
in the incidence and the degree of polyuria with graded increments of 
whole liver is striking Mild polyuria m 15 per cent of the rats receiv- 
ing diet L 10 offers a strong contrast to the 98 per cent which secreted 
more than the normal amount when receiving diet L 80 The volume 
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of urine excreted by the animals receiving the L Res and L Ext diets 
uas between those obtained from gioups receiving L 20 and L 40 
•diets 

Chart 2 shows the effect of the same diets on the specific gravity of 
the urine It will be seen that the ability to concentrate in general varies 
inversely with the percentage of whole liver in the diet The regular 
increase in the percentage of animals (represented by solid black) with 
hyposthenuria is noteworthy In only a small number of animals receiv- 
ing the L Res and L Ext diets was the concentration normal 

It IS interesting that few (18 per cent) receiving the L 10 diet had 
normal concentration whereas most (85 per cent) receiving the same 
diet excreted a normal amount The volume of urine excreted by many 
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Chart 2 — The relation of specific gravity to diet in partially nephrectomized 


rats 


of these animals, without food and water, exceeded their blood volume 
(about 20 cc in a rat weighing 300 Gm ) 

Albummwia — Chart 3 summarizes the effects of the diets on the 
•excretion of protein Freedom from abnormal albuminuria in the ani- 
mals receiving the L 10 diet was outstanding, as was the fact that here 
again the animals fed the L 80 and L Res diets excreted less than the 
groups fed diets L 60, L 40 and L 20 The most striking albuminuria 
was seen m the diet group receiving L 40, with those receiving diets 
L 20, L 60 and L Ext having about an equal amount There were 
marked variations in the amount of protein excreted by the individual 
members of each group This seemed independent of the time elapsed 
after operation and the volume of urine excreted 
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Hypertension — Chart 4 summarizes the effects of the diets on the 
blood pressure The absence of significant hypertension (over 160 mm ) 
in those receiving the L Res diet was remarkable This diet contained 
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Chart 3 — The relation of urinary protein to diet m partially nephrectomized 
rats 
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Chart 4 — The relation of blood pressure to diet in partially nephrectomized rats 

the highest percentage of protein, but it was free from the watei- 
soluble liver substances Strangely enough, the next lowest incidence 
of hypertension was in the group receiving diet L 80, which was the 
group with the next highest concentration of protein and a large con- 
tent of the water-soluble liver constitutents This was more remark- 
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able when compared with the group receiving diet L 60, which had the 
largest percentage of animals with hypertension The differences 
between the other groups were not significant 

It IS possible that the difference in time elapsed between the operation 
and the blood pressure readings in the different groups explains some 
of the apparent inconsistencies It was found that hypertension did not 
appear in the group receiving diet L 10 until the hundred and fifty- 
second day after the operation, whereas in the other groups (except in 
that receiving the L Res diet) it was noted during the first sixty days 
Owing to the fact that the number of animals killed at definite intervals 
was not the same, no compansqn can be made between the various 
groups This IS further complicated by the fact that daily variations for 
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Chart S — The relation of azotemia to diet m partially nephrectomized rats The 
normal range refers to values obtained m comparable control groups 



each rat could not be obtained, because only one reading for terminal 
blood pressure for each rat was possible 

Azotenua — Chart 5 demonstrates the effect of the diets on the 
retention of nonprotein nitiogen Significant retention of nitrogen was 
not noted m the groups receiving the L 10, L 15 and L 20 diets Addi- 
tional increments of -whole liver were follow^ed by an increased incidence 
and degree of azotemia The most marked retention was noted in 
the group receiving diet L Res The rats receiving the L Ext diet 
had a retention about equal to that of the group receiving diet L 40 
It w'as impossible to correlate the degree of letention of nitrogen with 
the health, renal function, albuminuria, blood pressure or pathologic 
changes (K'ang) 
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Heait — ^In the majoiity of the animals the relationship between 
hypei tension and the weight of the ventricles was the same as that 
found by Chanutin and Ferris ^ and Chanutm and Barksdale Most 
of the discrepancies noted were in the ^munger animals shortly after 
operation The effect of diet on the weight of the ventricles seemed 
to be indirect, and dependent on the presence or absence of hypertension 

Lwei — The increased values of the ratio m the control animals 
leceiving the L 40, L 60 and L 80 diets were probably due to the 
high ingestion of protein and the deposition of fat from the relatively 
large amounts of cholesterol in the whole diied liver Chemical analyses 
of a few repi esentative animals from the groups leceiving the L 40, 
L 60 and L 80 diets showed abnoimally large amounts of fat This 
conforms with the findings of Blatherwick and his associates of 
increased deposition of fat in the liver after the ingestion of diets rich 
in whole dried liver 

In striking contiast was the absence of this fatty change in the livers 
of the control group of animals receiving the L Res diet (highest m 
protein), though the values of the ■ ratio w^ere just as high as in 
the group receu mg the L 60 diet Since the animals m this group were 
young at the beginning of the experiment, these observations are in 
accord with those of MacKay, MacKay and Addis,^^ who obseived an 
increased weight of the liver in young rats fed a diet high in protein 
(casein) 

The “ s A ■ - ratios of conesponding partially nephi ectomized animals 
were of smaller value than those of the controls It is difficult to 
attribute the smaller livers to renal insufficiency, particularly since the 
small livers of the animals receiving the diet containing whole liver 
were also fatty The L Ext diet produced no significant change 

Kidney — Chart 6 shows the effect of the diets on the ratio in 
the controls and the partially nephrectomized rats, the value of the ratio 
increasing with the nitrogen content of the diets containing whole liver 
and liver residue Determinations of the total solids on a few of the 
kidney stumps indicated that a part, at least, of the increased weight 
was due to increased lenal substance, a variable part being due to 
increased water 

10 Chanutin, Alfred, and Barksdale, E E Experimental Renal Insufficiency 
Produced by Partial Nephrectomy II Relationship of Left Ventricular Hyper- 
trophy, the Width of the Cardiac Muscle Fiber and Hypertension m the Rat 
Arch Int Med 52 739 (Nov ) 1933 

11 Blatherwick, N R , Medlar, E M , Bradshaw, Phoebe J , Post, Anna L, 
and Sawyer, Susan D J Biol Chem 103 93, 1933 

12 MacKay, E M , MacKay, L L , and Addis, T Am J Physiol 86 466, 
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MacKay and MacKay^® showed that piedictable increases m the 
weight of the kidney follow increases in protein in the diet, but that 
the increases could be materially lessened by adding enough vitamin B 
complex; to the diet (MacKay^*) Investigation showed that diets 
L 20 to L 80 contained adequate Autamin B complex to permit the 
successful reproduction of large healthy litters in the control animals, 
whereas diets L 15 and L 10 did not The hypertrophy of the kidneys 
of animals receiving the L Ext diet was approximately what was to be 
expected from the nitrogen content In these experiments the vitamin 
B complex, though sufficient to permit successful reproduction, did not 
prevent the progressive enlargement of the kidne}s of the animals fed 
increasing amounts of whole liver 
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ratio to diet in control and partially nephrec- 


K’ang ° found that the pathologic changes m the kidney stumps 
became more severe as the amount of whole dried liver in the diet was 
increased The diet containing liver extract produced the most severe 
renal damage, and the diet containing liver residue the least 

Hemoglobin — Hemoglobin determinations were not included in the 
tables because there was little difference among the animals fed the 
various diets Whole liver or liver extract did not cause an excessive 
formation of hemoglobin, nor did it prevent moderate anemia in many 
In a few rats acutely ill the anemia was rather severe It was interesting 
that anemia could develop in animals receiving these liver diets, which 
were rich in the factors for preventing anemia 


13 MacKa}^ E M , and MacKay, L L J Nutrition 3 375, 1931 

14 MacKay, E M Am J Physiol 106 571, 1933 
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The Acute Condition in Pmtially Nephi ectoimzed Rats — Many ani- 
mals became acutely ill within forty-eight hours after the second opera- 
tion, when the intact kidney was removed The course resembled that 
of animals after total nephrectomy There was usual retention of 
nitrogen without edema and very low blood pressuie 

Some animals became acutely ill after the fiist postoperative month,, 
with listlessness, tetanic convulsions or quadrilateral paralysis with 
hypertension They died in a few houis, some in coma, others in con- 
vulsions 

COMMENT 

The relation between renal damage and hypertension is still unsolved. 
Among clinicians there is a difference of opinion as to whether renal 
insufficiency is a primary cause of hypertension Following reduction 
of the functional renal substance in expeiimental animals pathologic 
changes occur which are accompanied by hypertension, cardiac hyper- 
trophy, an increased flow of dilute urine, retention of nitrogen and 
the elimination of albumin and casts In many respects this syndrome 
is analogous to certain types of renal involvement in man The produc- 
tion of experimental hypertension is of importance, since it shows that 
hypertension can be secondary to lenal damage 

In his discussion of renal insufficiency, Fishberg stated 

The height to which blood urea rises as a result of renal failure depends on 
various factors, notably the severity and duration of impairment of renal function, 
the fluid intake, the amount of protein in the diet, the rate of katabolism of protein 
in the body and perhaps the functional condition of the liver, the organ which 
forms urea There are no definite levels at which uremic symptoms set 

in or death occurs Uremic coma occurs on rare occasions with less than 100 
mg per cent of urea m the blood, particularly if the protein content of the diet 
has been rigidly restricted and large quantities of carbohydrates successfully 
administered 

It IS of interest to note that in partially nephrectomized rats, as in 
human beings with damaged kidneys, theie is no exact lelationship 
between the retention of nitrogen and inoibid symptoms Furthermore, 
It should be noted that in such rats the degree of retention is related to 
the nitrogen content of the diet 

Keutmann and McCann reported that patients with chronic 
Bright’s disease appealed to show a general impiovement aftei ingesting 
large amounts of protein These observations were conducted for a 
relatively short time, and the highest amounts of piotem ingested com- 
prised about 25 per cent of the total amount of energy of the diet This 

15 Fishberg, A M Hypertension and Nephritis, ed 3, Philadelphia, Lea & 
Febiger, 1934, p 24 

16 Keutmann, E H , and McCann, W S J Clin Investigation 11 973, 1932 
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maximum intake of protein would correspond roughl}' to the experi- 
mental diet containing 40 per cent whole liver, in respect to the caloric 
value of the protein present The largei concentrations of whole liver, 
liver residue and liver extract fed to rats probably could not be toleiated 
by man for any length of time 

It has been demonstrated in these experiments that a diet low in 
protein (L 10) will delay, but \\ill not prevent, the appearance of 
hypertension, m addition, there is little retention of nitiogen, albumi- 
nuria and polyuria These findings may serve as an experimental 
confirmation for the use of diets low in protein in renal damage or hyper- 
tension in man Relatively small amounts of protein in the diets that 
were considered to be normal for intact rats (L 15 and L 20) were 
responsible for an increased excretion of dilute urine containing more 
urinary protein and for the early appearance of hypertension In con- 
trast to these observations it was seen that the experimental animals 
ingesting a diet extremely rich in protein (L Res ) showed no marked 
effect on the blood pressure, albuminuria or renal changes despite the 
increased excretion of dilute urine and the marked retention 

The conflicting results seen in clinical observations have been encoun- 
tered in the present experiments An effort to find a common factor 
which could be correlated with the various experimental findings has 
not been successful Moderate and severe hypertension were encoun- 
tered with and without marked renal insufficiency Furthermore, the 
degree of hypertension was not dependent on the extent of renal damage 
as judged by the concentration test, retention of nitrogen or pathologic 
changes The amount of urinary protein excreted was not predictable 
from the quantity of urine excreted Apparently renal insufficiency 
alone cannot be the direct cause of the findings noted in this study 

SUMMARY 

The effect of feeding diets containing varying percentages (10, 15, 
20, 40, 60 and 80) of whole dried liver, liver residue (80) and aqueous 
liver extract to intact, unilaterally nephrectomized and partially nephrec- 
tomized rats has been studied 

The ingestion of these diets by intact and unilaterally nephrectomized 
animals was followed by enlargement of the kidneys which was roughly 
proportional to the nitrogen content of the diet, the liver was similarly 
increased in weight owing to the deposition of fat and the effect of 
ingestion of an increased amount of protein, the azotemia was more 
marked in those animals receiving the diets containing more liver, the 
renal function was unaffected An appreciable number of unilaterally 
nephrectomized rats had slightly increased blood pressure 
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The syndrome obtained in the partially nephrectomized rats was 
affected by the peicentage of whole livei and liver fractions in the diet 
in the following manner 

1 A progressively increased quantity of dilute urine was excreted 
as the content of whole liver was raised Neither the administration 
of liver residue nor of liver extract caused marked changes in the 
volume or specific gravity of the urine The amount of urinary piotein 
excreted had no relation to the volume of mine 

2 Hypertension was delayed m the lats leceivmg the diet that is 
10 per cent whole liver The addition of a small amount of liver 
had a definite effect on the eaily appeal ance of hypertension The 
rats receiving the diet containing livei residue showed piactically no 
hypertension despite evidence of renal damage 

The degree of azotemia appealed to depend on the amount of nitro- 
gen in the diet 

In the oldei animals there was a relationship between the blood 
pressure and the ratio Discrepancies in this relationship 

were noted in the younger animals The values of the 
were smaller than those for the coi responding controls The values of 
the ratio were extremely variable, but were roughly propor- 

tional to the amount of nitrogen in the diet 

In partially nephrectomized animals, the degiee of lenal insufficiency, 
albummuiia, retention of nitrogen and, to a certain extent, the occur- 
rence and degiee of hypertension were found to vary according to the 
diet fed The factors lesponsible for the acute illness, hypei trophy 
of the kidney, polyuiia and hypei tension are still unknown and poorly 
understood 



THERAPEUTIC EFFECT OF TOTAL ABLATION OF 
NORMAL THYROID ON CONGESTIVE HEART 
FAILURE AND ANGINA PECTORIS 

VIII RELATIONSHIP BETWEEN SERUM CHOLESTEROL VALUES, 
BASAL METABOLIC RATE AND CLINICAL ASPECTS OF 
HYPOTHYROIDISM 

D R GILLIGAN, MS 
M C VOLK, AB 
DAVID DAVIS, MD 

AND 

H L BLUMGART, MD 

BOSTON 

The relationships between the serum cholesterol concentration, the 
basal metabolic rate and the clinical aspects of hypothyroidism induced 
by total removal of the normal thyroid gland in patients with chronic 
intractable heart disease have been studied and are reported in this 
communication ^ By means of preoperative measurements and measure- 
ments at appropriate intervals after total thyroidectomy, it has been 
possible to observe the development of changes in the serum cholesterol 
values and the basal metabolic rate as hypothyroidism developed in 
these patients who before operation had no thyroid disease The 
development of untowaid symptoms of myxedema necessitated the 
administration of minimal amounts of thyroid substance to many of 
the patients, thus affording an opportunity to study the effect of this 
medication on the aforementioned relationships 

Mason, Hunt and Hurxthal ^ reviewed the literature up to 1930 
on the relationship of blood cholesterol concentration to the activity of 
the thyroid gland m thyroid disease Further studies by these authors 
stiengthen the observation that the plasma cholesterol is increased in 

This study was aided by a grant from the William W Wellington Memorial 
Research Fund of Harvard University 

From the Medical Service and Medical Research Laboratories of the Beth 
Israel Hospital, and the Department of Medicine, Harvard University Medical 
School 

1 The operations were performed by Dr David D Berlin and Dr Charles 
G Alixter 

2 Mason, R L , Hunt, H M , and Hurxthal, L M Blood Cholesterol 
Values in Hyperthyroidism and Hvpothyroidism Their Significance, New 
England J Med 203 1273, 1930 
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myxedema and, less legularly, decreased in thyrotoxicosis No exact 
quantitative relationship, however, was found between the plasma 
cholesterol concentration and the basal metabolic rate When, by 
appropriate tlierapeutic proceduies, the basal metabolic i ate in myxedema 
and hyperthyroidism is rendered normal, the abnoimal plasma cholesterol 
concentiation likewise returns to normal® The plasma cholesterol con- 
centration, theiefore, has been employed as an aid in the diagnosis and 
treatment of thyioid disease^ Especially in cases in which reliable 
measurements of basal metabolic rates cannot be obtained, the plasma 
cholesteiol concentration has been found to be of distinct value®® 

METHODS 

Blood for cholesterol measurements was drawn from the antecubital vein, with 
minimal stasis, after a fast of fourteen hours or more Measurements of serum 
cholesterol were made in duplicate by the method of Atyers and Wardell,^ using 
the apparatus for continuous extraction described by Ling® The averages of the 
duplicate measurements, which checked within 5 per cent, have been reported The 
high limit accepted for normal serum cholesterol values is generally about 230 
mg per hundred cubic centimeters 

Measurements of the basal metabolic rate were made in duplicate with a Collins- 
Benedict-Roth apparatus, and results calculated according to the Aub-DuBois 
normal standards " The averages of duplicate analyses, which checked within 5 
per cent, are reported The preoperative values represent the average of several 
such measurements on different days Preoperative measurements and those taken 
during the first two postoperative weeks were made while the patient was hospital- 
ized The majority of the basal metabolic rates after the first two weeks were 
measured when the patient came to the laboratory from his home and rested quietly 
in bed for from one-half to one hour Although the latter condition is not as ideal 
as when patients stay overnight in the hospital, it is felt the measurements of the 
basal metabolic rate given here are reliable 

When weakness of the legs, drowsiness, emotional irritability or puffiness of the 
face developed, thyroid substance was administered in appropriate amounts to 
alleviate these untoward symptoms of myxedema without raising the basal meta- 
bolic rate sufficiently to place an undue burden on the heart The amounts of 

3 (o) Bronstein, I P Studies m Cretinism and Hypothyroidism in Child- 
hood I Blood Cholesterol, J A Af A lOOi 1661 (May 27) 1933 (b) Hurx- 

thal, L M Blood Cholesterol in Thyroid Disease II Effect of Treatment, 
Arch Int Afed 52i 86 (July) 1933 (c) Levy, M, and Levy, M (Mme) Le 

traitement de I’hypercholestennemie par la thyroxine. Bull Acad de med. Pans 
105 666, 1931 (d) Mason, Hunt and Hurxthal2 

4 Mason, Hunt and Hurxthal 2 Bronstein Hurxthal 

5 Myers, V C , and Warded, E L The Colorimetric Estimation of Choles- 
terol in Blood, with a Note on the Estimation of Coprosterol in Feces J Biol 
Chem 3G 147, 1918 

6 Ling, S M The Determination of Cholesterol in Small Amounts of 
Blood, J Biol Chem 76 361, 1928 

7 Aub, J C , and Du Bois, E F Clinical Calorimetry XIX The Basal 
Metabolism of Old Men, Arcli Int Afed 19 823 (May) 1917 
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thyroid substance administered were so adjusted as to maintain the patient m a 
hypothyroid state, as evidenced by dry skin, increased sensitivity to cold and a 
low basal metabolic rate 

RESULTS 

Simultaneous measurements of the serum cholesterol concentration 
and the basal metabolic rate were made in twenty-nine patients before 
and at frequent intervals after complete thyroidectomy, m eighteen 
other patients the same measurements were made at postoperative 
intervals only (table) The ages of the subjects studied varied from 14 
to 66 years, sixteen were female and thirty-one male Twenty-eight 
patients suffered from congestive heart failure at the time of or just 
prior to operation, fourteen had angina pectoris and five had no cardiac 
involvement 

Relationslups Between Seuim Cliolesteiol Value and Basal Metabolic 
Rate Befoie Total Thyi oidectomy — ^The preoperative serum cholesterol 
values ranged between 92 and 298 mg per hundred cubic centimeters, 
and the basal metabolic rates in the same twenty-nine cases varied 
between plus 13 and minus 24 per cent (table) Seven subjects had 
preoperative serum cholesterol values above 230 mg per hundred cubic 
centimeters Four of these had coexisting diseases, such as diabetes 
(cases 23, 25 and 27) and Paget’s disease (case 28), which may increase 
the serum cholesterol concentration ® The other three patients with high 
preoperative serum cholesterol values had basal metabolic rates between 
minus 14 and minus 23 per cent (cases 24, 26 and 29) Although one 
cannot detect any further significant correlation between the basal meta- 
bolic rate and the seium cholesterol concentration in the subjects of 
this study, a tendency toward such a correlation has been observed by 
studying a much laiger group of subjects with no disease of the thyroid 
gland ® 

Relationship Betzveen Seium Cliolesteiol Conccnfi atioii and Basal 
Metabolic Rate m Untieated Hypothyi oidisni Afiei Total Thytoid- 
ecfomy — As the basal metabolic rate decreased, the serum cholesterol 
concentration inci eased, following total ablation of the thyroid gland 
(table) In a given patient the increase m serum cholesterol concen- 
tration bore no precise quantitative relation to the decrease m basal 
metabolic rate The highest cholesterol values obtained were, however, 
found m six of the eight patients whose basal metabolic rates were 
decreased to minus 35 per cent or lower In one patient (case 39) the 
basal metabolic rate had not shown a significant decrease by the end 

8 Lasch, F Biochemische Untersuchungen bei Ostitis deformans Paget, 
Wien Arch f inn Med 21 159, 1931 

9 Volk, M C , Abrams, M I , and Gilligan, D R The Relationship 
Between Serum Cholesterol and Basal Metabolism in Subjects with no Thyroid 
Disease, With Particular Reference to Subjects with Low Basal Ivletabohc Rates, 
to be published 
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of the second postopeiative month The serum cholesterol concentia- 
tion at this time, howevei, was increased to 368 mg per hundred cubic 
centimeters, and clinical evidences of hypothyroidism were present 

A change m both the basal metabolic rate and the seium cholesterol 
concentration was usually observed as early as the first postoperative 
week By the end of the first postoperative month the basal metabolic 
rate had usually decreased to approximately its lowest value, whereas 
the serum cholesterol concentration tended to inciease steadily duiing 
the next few months (figuie) Thus, m a series of patients who were 
not leceiving thyroid medication, the average basal metabolic rate 
fluctuated between the narrow limits of from 25 to 29 per cent below 
the preoperative average during the period from one to six months 
after operation, whereas the average serum cholesterol value giadually 
increased during this peiiod from 88 to 153 mg pei hundred cubic 
centimeters above the preoperative average 

Relatiomhip of the Seium Cholesteiol and the Basal Metabohc Rate 
to Untreated Signs and Symptoms of Myxedema After Total Thyioid- 
ectomy — After varying peiiods of time some of the signs and symptoms 
of myxedema developed m every patient following total thyroidectomy 
By the end of the first postoperative month most of the patients showed 
mild clinical signs and symptoms, such as dry skin, slight pallor and 
sensitivity to cold After the second postoperative month more serious 
symptoms of myxedema developed m many of the patients, such as 
weakness of the extremities, drowsiness, emotional iintabihty and tran- 
sient puffiness of the face, hands and feet The seiious symptoms were 
relieved by the administration of small doses of thyroid substance 

When the first clinical signs and symptoms of myxedema appealed, 
the basal metabohc rate was usually reduced to minus 20 per cent or’ 
lower, and the serum cholesterol value was, with few exceptions, above 
200 mg per hundred cubic centimeters (table) The untoward symp- 
toms of myxedema weie usually not observed until the basal metabolic 
rate had remained at levels of approximately minus 30 per cent from 
a few weeks to months, and the serum cholesteiol value had increased 
to approximately 300 mg per hundred cubic centimeteis or higher 
However, in six of the patients (cases 1, 13, 21, 27, 29 and 41) dis- 
tressing symptoms of myxedema were manifest when the measurements 
of the basal metabohc rate gave values between minus 12 and minus 26 
per cent In these six instances the serum cholesterol was increased, 
the values ranging between 283 and 482 mg per hundred cubic centi- 
meters, five patients showing concentrations above 300 mg per hundred 
cubic centimeters 

Three patients (cases 7, 16 and 36) operated on from ten to fifteen 
months ago have not as yet required thyroid medication for the 
alleviation of untowaid symptoms of myxedema The basal metabohc 
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rates in these patients have been persistently low (table) In two of them 
the highest serum cholesterol values obtained at any time since opeiation 
were 181 and 303 mg per hundred cubic centimeters (cases 7 and 36) 
and m the third (case 16) 450 mg The latter patient was the only 
one who maintained a cholesterol level significantly above 300 mg per 
hundred cubic centimeters for many months, in the absence of a 
concomitant disease associated with a liigh serum cholesterol level, and 



Relationship between the average changes in the serum cholesterol concentration 
and average changes in the basal metabolic rate following total thyroidectomi 
The values presented were obtained in patients on whom both measurements were 
made preoperatively, and who after operation had not yet received thyroid medica- 
tion In two of the six patients whose cholesterol concentrations were measured 
one week after operation, the basal metabolic rates for the period were obtained by 
interpolation from the values obtained preoperatively and two weeks postoperatively 
The average preoperative basal metabolic rate for all cases represented was minus 
4 per cent, and the average serum cholesterol value was 174 mg per hundred cubic 
centimeters 

yet did not require thyroid medication for the control of untoward 
symptoms of myxedema 
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Since the untowaid symptoms of myxedema usually developed when 
the level of the metabolic rate was maintained significantly below minus 
30 per cent, the extent of decrease in the basal metabolic late which 
could be induced in a given patient by total thyroidectomy was pro- 
portional to the height of the preoperative basal metabolic rate (table) 
To cite two extreme instances fiom our series, the patient in case 
20, whose preoperative basal metabolic rate was minus 24 pei cent, 
required thyioid medication aftei a furthei deciease in the basal 
metabolic rate of only 10 per cent (minus 34), and the patient in case 
14, whose preoperative basal metabolic late was plus 9 per cent, required 
thyioid medication after a net deciease in the basal metabolic rate 
of 45 per cent (minus 36) 

Effect of Small Doses of Thyioid Medication on the Seiiim 
Cholesteiol, the Basal Metabolic Rate and the Clinical Signs and Symp- 
toms of Myxedema — Since thyroidectomy was pei formed in patients 
with chiomc heart disease for the therapeutic puipose of inducing 
hypothyroidism, according to the considerations outlined elsewhere,^® 
the mild signs and symptoms of myxedema were allowed to persist 
in order to maintain the basal metabolic rate at a low level Small 
amounts of thyroid substance were administered when the untowaid 
symptoms of myxedema developed The amount of thyroid substance 
required to control the symptoms and at the same time to maintain the 
basal metabolic rate at a low level varied between ^ and )4 gram 
(81 and 32 4 mg ) a day, the dosage being adjusted in each patient 
by trial When the optimum amount of thyroid was admmisteied, 
significant decreases m the serum cholesteiol concentrations resulted 
(table) Thyroid medication was usually indicated between the end of 
the first and the sixth postopeiative months, the period duiing which 
the serum cholesterol concentrations showed progressive increases, 
although the basal metabolic lates showed minoi or no decreases 
(figure) 

10 Blumgart, H L , Levine, S A , and Berlin, D D Congestive Heart 
Failure and Angina Pectoris The Therapeutic Effect of Thyroidectomy on 
Patients Without Clinical or Pathologic Evidence of Th 3 Toid Toxicity, Arch Int 
Med 51 866 (June) 1933 Berlin, D D Therapeutic Effect of Complete 
Th} roidectomy on Congestive Heart Failure and Angina Pectoris in Patients with 
no Clinical or Pathological Evidence of Thyroid Toxicity II Operative Tech- 
nique, Am J Surg 21 173, 1933 Blumgart, H L , Riseman, J E F , Davis, 
D , and Berlin, D D Therapeutic Effect of Total Ablation of Normal Thyroid 
on Congestive Heart Failure and Angina Pectoris III Early Results in Various 
Types of Cardiovascular Disease and Coincident Pathologic States Without Clini- 
cal or Pathologic Evidence of Th} roid Toxicity, Arch Int Med 52 165 (Aug ) 
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COMMENT 

Blumgart and his associates have demonstrated that patients with 
chronic heart disease and no hyperthyroidism are benefited by the 
decreased burden on the heart which obtains in hypothyroidism induced 
by total ablation of the thyroid gland The changes in the basal metabolic 
rate and the serum cholesterol which occur after operation together 
with the relationship of these changes to the clinical aspects of hypo- 
thyroidism are reported here 

In the group of twenty-nine patients m whom the basal metabolic 
rates and cholesterol concentrations were measured before operation 
(table) twenty-five had basal metabolic rates between plus 9 and minus 
13 per cent Theie was no evident correlation between the serum 
cholesterol concentration and the basal metabolic rate befoie operation 
However, m the other four (cases 20, 24, 26 and 29), all of whom 
suffered from angina pectoris, the basal metabolic rates ranged behveen 
minus 14 and minus 24 per cent, and m three of these the serum choles- 
terol values were between 240 and 298 mg per hundred cubic centi- 
meters It IS believed, in retrospect, that signs suggestive of myxedema 
vere present before operation in one of them (case 29) In the other 
three patients thei e were no clinical evidences of decreased thyi oid activ- 
ity before operation Pathologic studies of the thyroid glands from the 
four patients were made by Dr Monroe Schlesinger, and revealed nor- 
mal observations 

In a recent investigation,^ studies of the basal metabolic rate and 
serum cholesterol values in a group of normal subjects showed that 
persons with no clinical evidence of hypothyroidism may have basal 
metabolic rates as low as fiom minus 20 to minus 35 per cent, and that 
the serum cholesterol concentration m such persons may be increased 
to between 230 and 290 mg per hundred cubic centimeters 

The basal metabolic rate decreased following total thyroidectomy, 
and remained persistently low in forty-seven of the forty-eight patients 
studied in this series Basal metabolic rates as low as from minus 41 
to minus 47 per cent were observed postoperatively in four Such 
levels could not be maintained, because thyioid medication was required 
to control untowaid symptoms of myxedema Although it was impos- 
sible to measuie the lowest levels of metabolic rate which patients 
deprived of all thyroid tissue might have attained if allowed to con- 
tinue without thyroid medication, it is believed that the levels from 
minus 41 to minus 47 per cent, which weie attained after the end of 
the first postoperative month, repiesent the approximate metabolic 
levels of completely thyroprival persons This observation is in accord 

11 Friedman, H F, and Blumgart, H L Treatment of Chrome Heart Dis- 
ease by Lowering the IMetabolic Rate The Necessity for Total Ablation of the 
Tlnroid, J A M A 102 17 (Jan 6) 1934 Footnote 10 
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with the concept of Means and others that the normal thyroid activity 
controls from 40 to 45 per cent of the caloric requirements of the human 
subject, and with the fact that basal metabolic rates lower than minus 
47 per cent of normal “ are rarely if ever encountered in hypoth 3 nroidism, 

either of idiopathic or postoperative origin 

Decreases in the basal metabolic late following total thyroidectomy 
were accompanied by increases in the seium cholesteiol concentration, 
the highest cholesterol value obtained being 543 mg per hundred cubic 
centimeters, in a patient who showed marked symptoms of myxedema 
at the time of the test The serum cholesterol values obtained in the 
patients with postoperative hypothyroidism were similar to those obtained 
by other investigators in patients with spontaneous myxedema Thus, 
Mason, Hunt and Hurxthal ^ reported cholesterol values as high as 500 
mg per hundred cubic centimeteis associated with markedly lowered 
basal metabolic rates in patients with spontaneous myxedema, and 
Bronstein reported a blood cholesterol value of 782 mg per hundred 
cubic centimeters in a child with hypotliyi oidism The highest serum 
cholesterol values are obtained in those patients who show the most 
advanced clinical symptoms (table) When the more serious symptoms 
of myxedema were conti oiled by appropriate thyroid medication, the 
serum cholesterol value was generally maintained at a level of about 
300 mg per hundred cubic centimeters 

The patient in case 39 (table) is the only one in a consecutive series 
of seventy opeiated on at this hospital who did not show a low basal 
metabolic rate following total thyroidectomy Measurements of the 
basal metabolic rate in this case gave values of plus 14 per cent pre- 
operatively and plus 12 and plus 7 per cent at the end of the first and 
second postopeiative months, respectively A measurement at the end of 
the fourth postoperative month was unsatisfactory The serum choles- 
terol value one month after opeiation was 237 mg per hundred cubic 
centimeters and showed fuither marked increases to 368 and 520 mg at 
the end of the second and fourth postoperative months, respectively 
The progressive increase in seium cholesterol values together with 
clinical manifestations of myxedema in this patient offered evidence 
that a state of hypotliyi oidism had been induced by the opeiation and 
that the persistence of a basal metabolic rate at a normal level may have 
been due to inability to obtain a basal test 

In SIX patients of this series the untoward symptoms of myxedema, 
such as weakness of the legs, drowsiness, irritability and puffiness 
of the face, hands and feet, weie manifest when the basal metabolic 
rate was reduced only from minus 12 to minus 26 pei cent In four 
of the SIX, the serum cholesteiol concentiations were increased above 

12 Means, J H Personal communication to the authors 

13 Mason, Hunt and Hurxthal 2 Bronstein sa 



756 


ARCHIJ^ES OF INTERNAL MEDICIAL 


300 mg per hundred cubic centimeteis Although basal metabolic rates 
similarly reduced are encountered m normal persons, serum cholesterol 
values of this magnitude are not obtained “ These considerations sug- 
gest that true measurements of the basal metabolism may not hai e been 
obtained in some of the six with untoward symptoms of mj'xedema 
This suggestion is strengthened by the fact that some of the patients 
had shown lower basal metabolic rates earlier in the postoperatne 
course, before the development of the advanced symptoms of myxedema 

On several occasions we have been unable to obtain duplicate 
measurements of the basal metabolic rate which agreed within 5 per cent 
In these instances the serum cholesterol measurements have been a 
useful adjunct to clinical observations 

That the serum cholesterol concentration may give evidence of 
hypothyroidism when the basal metabolic rate does not is shown by 
observations on patients with myxedema after the administiation of 
di-nitro-phenol and di-nitro-ort/io-ciesol When the basal metabolic late 
is increased to or above normal by these drugs in patients with nijx- 
edema the clinical signs and symptoms and the high serum cholesteiol 
concentration persist unchanged 

There seems to be a general belief that myxedema and hypercho- 
lesteremia predispose one to artei losclerosis There is little evidence 
from observations in man, however, to support these theories Roent- 
genologic studies of the blood vessels in six patients in this group who 
had hypothyroidism and associated hypercholesteremia of a year’s dura- 
tion showed no apparent increased density 

Since the level of the basal metabolic rate at which the untoward 
symptoms of myxedema develop is usually about minus 30 per cent, 
only a moderate reduction in the basal metabolic rate after total thyroid- 
ectomy can be effected in those patients who before operation have 
lowered basal metabolic rates (table) 

Measurements of serum cholesterol concentration have served as 
an adjunct to clinical impiessions m the evaluation and control of the 

14 Mason, Hunt and Hurxthai - Volk, Abrams and Gilligan 

15 Dodds, E C, and Robertson, J D Clinical Applications of Dinitro- 
Cresol, Lancet 2i 1137 and 1197, 1933 Rabinowitch, I M , and Fowler, A F 
Dinitrophenol, Canad M A J 30 128, 1934 

16 Means, J H , and Richardson, E P The Diagnosis and Treatment of 
Diseases of the Thyroid, in Christian, H A Oxford Monographs on Diagnosis 
and Treatment, New York, Oxford University Press, 1929, vol 4 Peters, J P . 
and Van Slyke, D D Quantitative Clinical Chemistry, Baltimore, Williams & 
Wilkms Company, 1931, vol 1, p 238 

17 Blumgart, H L , Davis, D , Riseman, J E F , Berlin, D D , and Wein- 
stein A A Treatment of Angina Pectoris and Congestive Failure b\ Total 
Ablation of the Thyroid XI Resume of Results in Treating Seventy-Fue Patients 
During the Last Eighteen Months J A M A , to be published 
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hypothyroid state which develops following total thyroidectomy Since 
the value of the measurement does not depend on the cooperation of the 
patient, it has proved at times to be a useful laboratory test in determin- 
ing the presence or degiee of hypothyroidism in patients who are unable 
to obtain the relaxation necessary for measuiement of the true basal 
metabolic rate The measurement of seium cholesterol is also of con- 
siderable value as an adjunct to clinical impressions m the estimation 
of the degree and course of hypothyroidism when, during the develop- 
ment of the hypothyioid state, the basal metabolic rate has reached and 
IS maintained at a low level 

SUMMARY 

1 Simultaneous measuiements of the serum cholesteiol concentia- 
tioii and basal metabolic late have been made in a group of patients 
before and at inteivals during the development of the hypothyroid 
state after total ablation of the normal thyroid gland 

2 Following total thyroidectomy, the serum cholesterol value 
increases as the basal metabolic rate decreases and as the clinical 
evidences of hypothyroidism become manifest The highest serum 
cholesterol concentration obtained in any patient was 543 mg per 
hundred cubic centimetei s and the lowest basal metabolic rate was minus 
47 pel cent 

3 Appreciable changes in the basal metabolic rate and seium 
cholesteiol concentiation were generally evident by the end of the first 
postoperative week Striking changes in the values were obsei ved by the 
end of the first postoperative month Duiing the following few months 
the basal metabolic rate showed only minor, if any, decreases, 
whereas the serum cholesterol concentration gradually increased and 
the clinical course of hypothyroidism gradually progiessed 

4 When the untowaid symptoms of myxedema became manifest, 
the serum cholesteiol concentration was usually increased to 300 mg 
per hundred cubic centimeters or above, and the basal metabolic 
late was usually decreased to minus 30 per cent or below 

5 Small doses of thyroid medication, administered to contiol the 
untoward symptoms of myxedema, caused slight inci eases in the basal 
metabolic rate and significant decreases in the seium cholesterol 
concentration 

6 In a few instances a high seium cholesteiol value confirmed the 
clinical finding of untoward symptoms of myxedema w'hen the basal 
metabolic rate was not markedly low In otliei instances, when dupli- 
cate measurements of the basal metabolic rate which agreed within 5 
pel cent could not be obtained, the serum cholesteiol concentration was 
a valuable adjunct to clinical impressions in estimating the degree and 
course of the hypothyioid state 



A RAPID QUANTITATIVE METHOD FOR EXAMINING 
THE URINE IN RENAL DISORDERS 


henry gibbons III, MD 

SAN FRANCISCO 

The diagnosis and treatment of Bright’s disease depends, in part, 
on the understanding the physician has of the renal lesion with which 
he is dealing As clinical practitioner, ^ he would prefer to foimulate a 
picture of the disease without bothering with numerical values and 
calculations A knowledge of the rate at which formed elements are 
passed in the urine, together with the quantitative estimation of the rate 
of elimination of protein, greatly increases the value of the urinalysis 
The Addis method ^ of collection of urine and enumeration of the 
formed elements of the urine and estimation of urine protein provides 
the necessary information, but is of little value to the clinical practi- 
tioner, because it is time-consuming and does not provide constantly 
uniform conditions which enable him to tell at a glance the nature of 
the renal lesion Constantly uniform conditions can be obtained in the 
modified method described here by a manipulation of the urine so as to 
eliminate variable tunes and rates of excretion This method reduces 
the sediments of all patients to a uniformity which permits direct com- 
parison and provides a series of pictures representing at a glance the 
nature and intensity of the renal lesion The method allows rapid calcu- 
lation of the rate at which cells and casts are excreted in the urine and 
at the same time assures a concentrated specimen of urine The urine 
must be concentrated and the reaction must be acid, otheiwise some of 
the formed elements will dissolve 

METHOD 

Enuinerattoii of Formed Elements — ^The patient is instructed to go without 
fluids after breakfast the day before the test In the evening of the day, on 
retiring, he empties the bladder, discards the urine and notes the time of doing so 
The next morning he passes urine into a collecting bottle, again notes the time 
and brings the specimen to the laboratory for examination 

The volume of the collected urine is measured in a 1,000 cc graduate cylinder 
The urine is well mixed A volume equal to the number of hundred cubic centi- 
meters m the total urine (i e , 1 per cent of the total) is placed in a 15 cc 

From the Department of Medicine, Stanford University School of Medicine 

1 Addis, T Science and Practice in Bright’s Disease, Ann Int Med 6 
1077 (Feb) 1933 

2 Addis, T A Clinical Classification of Bright’s Disease, J A M A 85 
163 (July 18) 1925 
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graduate centrifuge tube The urine is then centrifugated until all the elements 
are deposited at the bottom of the tube The greater part of the supernatant urine 
IS now pipetted off with a capillary pipet until it is reduced to the proper volume 
for calculation If the centrifugated portion is from an eleven or twelve hour 
specimen, the volume must be 0 5 cc , if from a nine to eleven hour specimen, the 
volume must be 0 4 cc , and if from a seven to nine hour specimen, 0 33 cc The 
sediment is then mixed with the aid of a pipet, and a drop is transferred to a 
ruled blood counting chamber The average number of elements in 0 1 c mm 
(one small square) is then counted This number is divided by 2 The resulting 
figure IS the number of million elements excreted by the patient in twelve hours 
In making the count the low power objective should be used for counting casts, 
and the high power for the cells This method is applicable to all specimens of 
urine, and gives the same picture for all similar renal lesions 

The number of elements in a twelve hour specimen is calculated by the Addis 
method as follows 

Number of elements in 1 small square X volume of speciinen 12 hour volume 

0 0001 cc Volume centrifugated 

=: number of elements excreted in twelve hours 

In these fractions it is possible to have all except two items constant The 
two variable items are (1) the number of elements counted in one small square, 
and (2) the twelve hour volume It is possible to make the quotient of the 

fraction, Twelve hour constant by having the denominator (volume cen- 

volurae centrifugated 

trifugated) always equal to 1 per cent of the numerator (twelve hour volume) 
When this is done the only variable item influencing the result is the number of 
elements counted m one small square Furthermore, when, instead of a twelve 
hour specimen the patient brings an eight, nine, ten or eleven hour specimen, it is 
necessary to correct the volume to twelve hours But the calculation for this can 
be avoided by taking the centrifugated sediment up in, say, eight-twelfths of 
0 5 cc, or 033 cc, for an eight hour specimen, nine-twelfths, or 037 cc, for a 
nine hour specimen, ten-twelfths, or 041 cc, for a ten hour specimen, or eleven- 
twelfths, or 045 cc, for an eleven hour specimen Because the error in the final 
result is small, it is unnecessary to correct closer than a two hour difference 
Thus, a seven to nine hour volume is taken up in 0 33 cc , and a nine to eleven hour 
volume IS taken up in 0 4 cc , and the different items can be so arranged that the 
number of elements counted when divided by 2 will give the result m millions of 
elements per twelve hour specimen 

For example 1 Given a twelve hour specimen of urine, the volume is 400 cc 

and 12 red blood cells are counted in one of the nine squares of the counting 

chamber Therefore, according to the formula ^ - X 0 5 cc x 400 cc ^ g 000 000 

0 0001 cc X 4 cc ’ ’ 

red blood cells 

2 Given a ten hour specimen, the volume is 333 cc , with the precipitate taken 
up m 04 cc (note that the volume does not change in the calculation) and 12 
red blood cells are counted in one of the nine squares 

Therefore 6,000,000 red blood cells 

Estimation of Ui me Pi otem In order to know the rate of output of albumin, 
it IS necessary to know the quantity excreted over a definite period of time 
Addis 2 calculated the excretion of protein of normal and diseased kidneys for 
twelve hour periods By simple mathematics, the volume of urine excreted during 
twelve hours can be estimated from the volumes collected in from eight to eleven 
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hours Ihcn, ^\Ith 1 cc of urine, a calculation of the percentage of protein present 
IS made, and from this information the excretion of protein in twelve hours is 
determined For this estimation the simple and rapid procedure for measuring 
albumin described by Lashmet and Newburgh ^ has been adapted The turbidit\ , 
or cloud, produced bj adding sulphosalicj he acid to the urine containing protein 
IS compared wuth that of a standard turbidity solution representing a known 
protein content 

Stock Solution To about 200 cc of distilled water in a 500 cc volumetric 
flask, 50 cc of a tenth-normal solution of sodium hydroxide, U S P , and 8 Gm 
of cupric sulphate, U S P (hydrous), are added The volume of 500 cc is 
made up with distilled water 

Standard Solution After shaking the stock solution vigorously to insure 
uniform suspension, exactly 4 cc of this mixture is transferred to a 100 cc 
graduate cylinder and tap water is added up to the 50 cc mark The turbidity of 
this mixture is the same as that produced by a 0 1 per cent solution of protein, 
0 1 Gm per hundred cubic centimeters, when sulphosahcylic acid is used This 
solution can be kept in a flask for use when wanted The turbiditj does not 
change on standing It must, how'ever, be shaken several times before using 

In order to determine the amount of protein in the urine, 1 cc of the cen- 
trifugated urine is placed in a 100 cc graduate cylinder, and a 2 per cent solution 
of sulphosahcylic acid is added to bring the volume up to 25 cc The standard 
solution IS placed m a second 100 cc cylinder for comparison If the turbidity of 
the mixture is the same as that of the standard solution the urine contains 0 1 per 
cent protein If the turbidity is greater than that of the standard solution, the 
mixture should be diluted with tap water until it compares with the standard 
Correction for the dilution is done by multiplying 0 1 per cent by the number of 
times the 25 cc volume has been diluted, then the corrected figure is multiplied 
by the number of cubic centimeters of urine excreted m twelve hours The result 
IS the number of grams of protein excreted in tw'elve hours If the turbidity of 
the mixture is less than that of the standard solution, urine should be added 
until the same turbidity as that of the standard solution is obtained The twelve 
hour volume is then divided by the number of cubic centimeters of urine added 
and multiplied by 0 1 per cent Not more than 5 cc of urine should be added 
to the reagent , if no cloud is formed wuth this amount, the albumin content ot 
the urine is negligible This is a rough estimate of the rate of excretion of 
protein, and is applicable for practical use m determining the type or the progress 
of a renal lesion 

COMMENT 

The table gives the aveiage numbei of elements m the mine and the 
a\erage output of albumin pei twehe hours m normal and pathologic 
states There is a wide lange, particularly in the output of protein 
from which these averages are determined, so that individual variations 
may be considerable Furtheimoie, theie aie gradations between the 
various stages of renal lesions 

In glomerular nephritis in the initial stage about 2 casts per field 
are seen under low power magnification, and a large numbei of red 

3 Lashmet, F H , and Newburgh, L H An Improved Concentration Test 
of Renal Function II A Simple Alethod for Ivleasunng Proteinuria, J A kl A 
100 1328 (April 29) 1933 
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blood cells and white blood cells pei field die seen undei high powei 
magnification, in the degeneiative (active) stage 4 or more casts pel 
field aie seen under low power, and a moderate luimbei of red blood 
cells and white blood cells under high power, magnification, m the latent 
stage a few casts, about 2 in the nine squares, aie seen undei low powei, 
and a few red blood cells and white blood cells pei field under high powei , 
magnification, m the teimmal stage about 1 bioad cast pei field is seen 
under low po\\ei, and a moderate numbei of led blood cells and white 
blood cells under high power, magnification In degenerative Blight’s 
disease about 1 cast pei field is seen undei low powei, and no, or veiy 
occasional, red blood cells and a modeiate number of white and epithelial 
cells under high powei, magnification In aitenoscleiotic Bright’s dis- 
ease few casts, 1 or 2 pei nine squaies, aie seen under low power, and 
an occasional red and white blood cell undei high powei , magnification 


Avciagc Cast and Cell Counts 



No of 


Bed 

White 

Protein. 


Cases 

Casts 

Blood Celis 

Blood Ceils 

Mg 

Glomerular nepliritis 

Initial 

50 

690,000 

405,000,000 

48,000,000 

550 

Latent 

100 

48,000 

16 , 000,000 

2,400,000 

369 

Degenerative or active 

G3 

1,850,000 

34,000,000 

14,000,000 

6,730 

Terminal 

50 

398,000 

20,400,000 

10,000.000 

3.550 

Degenerative Bright's dls 

easet 

10 

438,270 

127,000 

13,960.000 

4.305 

Arteriosclerotic Bright’s dis 

case 

12 

40,000 

200,000 

1,000,000 

200 

Normal 

73 

5,000 

1,000,000 

1,000,000 

Negligible 

(30) 


* From unpublished observations of T Addis 

t These average figures are from cases of true lipoid nephrosis and do not include other 
forms of degenerative Bright’s disease 


A comparison of the results of the two methods of enumeiating the 
elements in the urine proves the new method to be satisfactory While 
the difference in the two counts may be considerable, it is never so great 
that It creates a false impression In the count of casts, for example, 
a difference between 40,000 and 100,000 oi 1,000,000 and 5,000,000 can 
occur This is of no consequence, howevei, when the diagnosis depends 
on whethei or not theie aie 40,000 or from 1,000,000 to 4,000,000 casts 
\^nien no casts are seen, oi when 1 cast is seen in nine small squares, 
one might expect the output to be a normal number of casts, or as many 
as 55,000 At first thought this seems a source of gross misinterpre- 
tation, but unless the othei elements aie present in abnormal numbers, 
one can haidly regard the specimen of urine as anything but normal 
Even in mild arteriosclerotic Blight’s disease there would be a slight 
increase in the number of cells and in the output of protein to aid m 
the diagnosis of the lesion 

The percentage of eiior in counting led blood cells and white blood 
cells, in comparison with the Addis method, may sometimes be as high 


INITIAL STAGE 


L P 



'■ I I I > I I j j I I I I* I 


DEGENERATIVE STAGE 




LATENT STAGE TERMINAL STAGE 



LOW POWER HIGH POWER LOW POWER HIGH POWER 



Chart 1 — Diagrams of the microscopic appearance of the urinary sediment m 
glomerular nephritis Each large ruled square represents the blood counting 
chamber The open oblong figures represent casts seen with the low power 
objective and the solid oblong figures, casts appearing with renal failure Red 
and white blood cells are illustrated in the small square m the lower right of 
each diagram, the white cells indicated by the solid circle and the red cells by the 
open circle The areas seen by low and high power objectives are indicated by 
circles Both high and low power fields are illustrated below each square The 
cells are not shown in the low power fields The average twelve hour output of 
albumin is indicated for each condition 
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as 500 with numbers below 1,000,000 This makes no difference m the 
picture of the renal lesion when any number up to 1,000,000 in twelve 
hours IS considered normal, for example, by the Addis method the red 
blood cell count may be 100,000 and by the modified method, 500,000 
For numbers above 1,000,000, eirors of 300 per cent can occur in the 
count but do not alter the picture, for example, by the Addis method 
the red blood cell count may be 10,000,000 and by the modified method, 
30,000,000 



(A) degenerative Bright’s disease and (B) arteriosclerotic Bright’s disease Inter- 
pretation of the diagram is given in the legend for chart 1 The average twelve 
hour output of albumin is indicated for each condition 


The eiroi m the deteimmation of albumin is never great enough to 
change the impiession of the degree of damage to the kidney, piovided 
the urine is concentrated and the volume fairly accurately measured 

In conclusion, it can be said that the clinical practitioner can obtain 
a constantly uniform pictuie, in conjunction with other clinical evidence, 
of every pathologic state of the kidneys by quick and easy means and 
with aveiage office facilities A little practice with the technic of 
counting the sediment is all that is lequired After a few practice 
determinations a quick estimation of the type and activity of the renal 
lesion should be possible 







NITROGEN AND SULPHUR METABOLISM IN 
BRIGHT S DISEASE 


V METABOLIC STUDY OF A PATIENT WITH EDEMA OE 
UNKNOWN ORIGIN 

G PHILIP GRABFIELD, MD 
MARGARET DRISCOLL, AB 

AND 

MILDRED G GRAY, AM 

BOSTON 

Patients sufteiing from chronic nephritis with renal edema tend to 
retain both nitiogen and stilphui when fed diets high in protein,^ and 
even retain crystalline urea - On the other hand, it has been shown 
that patients with Bright’s disease without lenal edema tend toward a 
negative sulphur and nitiogen balance as the disease pi ogresses® The 
mechanism of these reactions is not clear, as it has been impossible to 
demonstrate an elevation of the nonprotein nitrogen level of the blood 
m patients retaining large quantities, whereas in patients without renal 
edema the nonprotein nitrogen level of the blood rises despite the nega- 
tive balance In the study of patients with renal edema it can be shown 
by a simple calculation that if the retained nitrogen and sulphur or urea 
is equally distiibuted throughout the body, easily measuiable quantities 
should be demonstrable in the blood It has always been assumed that 
the nitrogen and sulphur so retained are used to make up the depletion 
of the serum proteins, but for long peiiods nitrogen may be retained 
without an apparent variation in the serum protein values On the other 
hand, it might be that such retained nitrogen and sulphur go into the 
edema fluid and are not recoverable Such analyses as are available do 
not indicate that this is the case * There remains another hypothesis 
and that is that such nitrogen and sulphur are retained within all or 
some of the cells of the body and are stoied theie The various 
hypotheses have been summai ized recently by Moschcowitz ® 

The present report deals with the study of a patient with a cuiious 
chronic edema, obviously not of cardiac or of renal origin The study 

From the medical clinic of the Peter Bent Brigham Hospital 

1 Grabfield, G P J Clin Investigation 9 311, 1930 

2 Grabfield, G P Nitrogen and Sulphur Metabolism in Bright’s Disease 
IV Retention of Urea in the Nephrosis S}'ndrome, Arch Int Med 52 632 (Oct ) 
1933 

3 Grabfield, G P J Clin Investigation 10 309, 1931 

4 Peters, J P , and Van Slyke, D D Quantitatn e Clinical Chemistn , 
Baltimore, Williams &. Wilkins Company, 1931, vol 1 

5 l^Ioschcou itz E Hj poproteinemia, JAMA 100 1086 (April 8) 1933 
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of this patient serves to test the hypothesis that the retention of nitro- 
gen and sulphur is a function of the edema itself and bears no relation 
to the renal lesion The history of this patient will be given in detail 
It IS sufficient to say here that the outstanding featuies shown were 

c — 







Average dailv excretion for three periods under the varj mg conditions of intake 
as shown in the table The creatinine, urea, chlorides and total nitrogen are 
indicated in grams, the total sulphur, calcium and phosphorus pentoxide in 
hundred milligrams and the fluids in hundred cubic centimeters The outer 
columns represent the intake, the inner columns the output 

generalized edema, including edema of the face, definite evidence of 
capillary damage in the periphery, and a comparatively high total protein 
level in the seium, with a reversal of the albumm-globulm ratio The 
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detailed laboiatory observations are given in the table A case similar 
to the one reported here has recently been studied by M}'ers and Taylor,® 
but their patient showed important retention of protein on a diet high 
in protein and, at times, a negative balance on a diet lowei in protein 

We treated this patient as we have other patients observed m this 
series, giving her a carefully weighed, constant diet, adequate m calories 
and in protein, keeping the fluid level constant by making up the fluid 
of the ingested food to 2,000 cc per day with water The detailed 
figuies of the experiment are given in the table, and m the chart are 
presented the average daily figures of three periods of study, each 
including six or seven days In the first period, a diet of 50 Gm of 
protein was given , in the second, an attempt was made to ingest 100 
Gm of protein, and in the third, the preliminary diet was given plus 
10 Gm of crystalline urea three times a day During each dietary 
period blood and fluid from the chest weie simultaneously withdrawn, 
and the various constituents determined There was essentially no 
variation as a result of the dietary changes The relation between the 
chemical constitutions of the two fluids approximates that between 
blood and spinal fluid It will be seen that there was diuresis in the 
third period as a result of the administration of urea 

The contrast between this patient and the patient with a typical 
nephrosis syndrome in the metabolic reactions is apparent There was 
no important retention of nitrogen in the first two periods, and there 
was a striking negative sulphur balance The negative sulphur balance 
was increased during the period of diuresis, but during the same period 
there was apparently some retention of nitrogen The low concentra- 
tion of sodium chloiide in the extra fluid excreted during the period of 
ingestion of urea may be an indication that the fluid comes from within 
the cells From this contrast one may conclude that the retention of 
nitrogen and sulphur in patients with Bright’s disease with renal edema 
IS not a result of the edema itself 

REPORT OF A CASE 

Case 19 — Histoj y — C M D , a married white woman, aged 32, was admitted 
to the hospital on March 25, 1933, with a complaint of swelling of the legs and face 
of four months’ duration The family history was unimportant The patient was 
married fourteen years before, and was separated from her husband after four 
years The husband was living and well There was one daughter, aged 12, and 
there had been no miscarriages The social history was not remarkable The 
patient’s habits were regular 

The patient was born in Boston, and had lived all her life either in Boston or 
in Nova Scotia She had chickenpox, measles, mumps and pertussis during child- 
hood and scarlet fever at the age of IS Otherwise, she had had no diseases Ten 

6 Myers, W K, and Taylor, F H L Hypoproteinemia Probably Due to 
Deficient Formation of Plasma Proteins, J A M A 101 198 (July 15) 1933 
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jears previous!} the patient was said to have been operated on at the Victoria 
General Hospital, Halifax, for appendicitis, which was characterized by pain in 
the right lower quadrant and vomiting There was no incision near McBurne}’s 
point, however She remained in the hospital for three months, two operations 
being done, the first an exploration The patient did not know what organs were 
removed if any The menstrual periods continued 

The patient came to Boston from Nova Scotia in October 1932 She was well 
until the first part of December At this time she had a cold in the head, charac- 
terized by coughing and sneezing Since then colds in the head had recurred at 
frequent intervals, and in the middle of February, following a particularly severe 
cold, pus drained from the left ear and continued until admission One month 
following the first cold, in December 1932, the patient first noticed swelling of the 
eyelids and puffiness under the eyes, more marked in the morning The swelling 
was practically confined to the face Some weeks later her ankles sw elled slightly 
In the latter part of January and early Februarv, the edema became quite marked 
In the middle of February she was ill for three days with grip, and it was at this 
time that sudden severe pam developed in the left ear which was relieved by 
spontaneous rupture of the drum One week before admission she was given a diet 
of nothing but 1 quart (236 5 cm ) of milk daily The patient had no pains in the 
muscles or joints and no cramps She had had no menstrual period since the 
previous November There was no history of oliguria She noticed a slight 
bloody tinge to the urine for one or two days at the time of onset of the otitis 
media There had been no vomiting or headaches 

Physical E raiiunahott ~Tha fundi were normal The patient could not hear a 
watch m the left ear and a slight creamy discharge drained from the ear The 
canal contained moist material The lower posterior quadrant of the tympanic 
membrane was absent, and this was the source of the pus The heart was normal 
The blood pressure was 124 systolic and 78 diastolic There was dulness over the 
lower portion of both lungs, with absence of breath sounds over the dull area 
The white blood cell count was 13,800, of which 64 per cent were 1} mphocytes and 
34 per cent polymorphonuclears The hemoglobin content was 102 per cent (Sahli), 
and the red blood cell count was 5,100,000 A blood smear showed unusual forms 
of cells and 9 per cent eosinophiha Multiple myeloma was considered The 
absence of anemia and definite young forms were against the diagnosis of leukemia 
Eosinophiha and lymphocytosis suggested an infection from which the patient had 
recovered The urine showed a low specific gravity, no albumin and no casts The 
pelvic examination revealed nothing remarkable The temperature was normal 
The basal metabolic rate was plus 15 per cent The excretion of phenolsulphon- 
phthalem was 78 per cent in two hours and ten minutes The two hour renal test 
(Volhard and Fahr) showed the specific gravity to vary from 1024 to 1028 
Com sc — On March 29, there was an evening rise of temperature to 101 F , but 
on phy'sical examination there was no change except for redness of the throat and 
large, red swollen tonsils, spotted with exudate The urine showed no Bence-Jones 
protein, but at one time a cloud appeared after the heat and acetic acid-albumin 
test had been allowed to stand for ten minutes 

By April 6 the temperature was normal The blood pressure remained low 
On April 20 the edema was the same Her condition remained essentiallv 
unchanged On Mav 14, salyrgan was giv^en as a diuretic This was satisfactory 
at first, but later failed to produce diuresis Theobromine produced no diuresis 
On June 15, two teeth were extracted About this time marked capillary relaxa- 
tion was noted as shown by the dark blue cyanosis that appeared in the legs when 
she hung them over the edge of the bed Until Julv 9, digitalization was tried 
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The blood pressure remained low, ranging between 88 and 110 systolic The 
ordinarj cutaneous tests with protein failed to produce a reaction on July 12 On 
t%\o occasions 8S0 cc of straw-colored fluid was aspirated from the right side of 
the chest On July 15, pelvic examination showed a firm mass reaching almost to 
the umbilicus, but this could account for only the edema of the lower extremities 
fllie patient’s tonsils were removed on July 19 At no time was there anemia or 
leukocytosis above 15,000 The pelvic mass was believed to be inflammatory, and 
surgical exploration was probabl}'’ indicated 

At the time of writing this report the patient was still in the hospital 

SUMMARY 

1 A patient with nonnephiitic and noncardiac edema was studied 
in the same manner as the patients with Bright’s disease 

2 The behavioi of the excietion of sulphtii was the exact reveise 
of that found in patients with the nephiosis syndiome 

3 The nitiogen balance was evidently well maintained in this patient 

4 The excietion of sodium chloiide may be taken to indicate that 
the diuresis produced by uiea in this patient came from within the cells 

5 This report is included in the series so that these patients may be 
contiasted with those exhibiting the nephrosis syndrome and as a contiol 
to show that the metabolic reactions of patients with renal edema are not 
necessarily due to the edema per se 



ARTERIAL ELASTICITY IN MAN IN RELATION TO 
AGE AS EVALUATED BY THE PULSE 
WAVE VELOCITY METHOD 


PHILLIP HALLOCK, MD 

MIMS'EAPOLIS 

The mounting incidence of deaths as a result of cardlo^ ascular dis- 
ease has stimulated investigators to inquire intensively into the nature 
and progress of the degeneratne diseases of the heart and blood \essels, 
in an attempt to uncover possible etiologic factors and obtain data and 
methods for prediction in individual cases A high percentage of all 
cardiovascular disease is associated nith a haidening of the arteries or 
arteriosclerosis The etiology of arteriosclerosis remains shrouded in 
mystery Its recognition in the Ining subject has met yith only a 
fair degree of success B} means of the electrocardiograph disease ot 
the coronary arteries can be detected fairlv early in many cases 
Qianges in the artenolai sjsteni which pla\s such an important 
role m the regulation of arteiial blood piessuie ma\ be detected 
in the retinal ^essels with the ophthalmoscope Then bj plnsical 
examination it is possible to judge in a rather rough and approximate 
fashion an advanced degree of sclerosis and thickening of the medium- 
sized vessels, such as the radial and brachial arteries The latter method 
of investigation is admittedly inadequate for the finer and more exact 
evaluation of the condition of the aiterial wall It is tor this reason 
therefore, that I resorted to a method which aftords quantitatne data 
regarding arterial elasticity through ph^ sical measurements The 
validity of the method, which is based on the theorx of wa^e trans- 
mission through elastic tubular structures, has been well established by 
experimental procedures The method wdiich will be desciibed is w^ell 
applicable to a study of the iigidity of the arteiial tubing in the descend- 
ing aoita and in the brachioradial sj'stems 

THEORETICAL CONSIDERATIONS OF ARTERIAL EL tSTICITY 

It IS now recognized that the extensibilitj of an arterj can be 
measured by the yelocity of the pulse wa^e propagated through it 
Moens,’- in 1878, by expeiimental methods, deriyed the mathematical 

expression (1) V = K the velocity of the fiont of the pulse 

w^ave occurring m arteries, in which the yeloclt^ of the pulse waye (V) 

From the Department of lledicme and Graduate School, Unnersitv of Minne 
sota and Minneapolis General Hospital 

1 Moens, A I Die Pulskur\e, Leiden D T Brill, lf^7S i> 90 
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vanes directly as the square root of the product gravity (g), the 
elasticity coefficient (E) and the thickness of the arterial wall (a), 
and inversely as the pioduct of the square root of the density of the 
blood (D) and the diameter of the lumen of the vessel at the end of 
diastole (d) D may be assumed to be constant and equal to 1 055, 
K IS a constant Moens proved the validity of his foimula by experi- 
ments on elastic tubing 

It is obvious that for practical purposes Moens’ expression is of 
little value, as the factors E, a and d are immeasurable quantities 
in situ Bramwell and Hill,- aftei caieful consideiation of the theory 
of wave transmission, came to the conclusion that within limits of 
experimental error, Moens’ formula would be applicable provided the 
factors could in some manner be transformed into measurable units 
To accommodate factors which may be measured, they ingeniously 
tiansformed Moens’ foi inula into the following 

(2) V = 0 357 -x/m 01 V = 0357 in which is the 

lelative inciease in volume (v) of the artery pei millimeter of mercuiy 
inciease of pressuie (p) Converting tins expiession into a slightly 
different form (recipiocal), the ratio of pressure inciease to volume 

increase v) has been designated as the coefficient of volume elas- 
ticity It increases directly as the rigidity and inveisely as the extensi- 
bility of the arterial wall 

Converting equation (2) into teims of percentages, it becomes 
(3) V= 3 57 _ 

-^percentage increase in volume per millimeter of mercury increase of pressure 

or (4) percentage increase m volume per nnllnneter of mercury use m 
pressure = -r-. 

^ (velocity in meteis per second)" 

Fioin expression (3) or (4) it is obvious that the velocity of the 
pulse wave is a function of arterial rigidity or the coefficient of volume 
elasticity To deteimine the aijierial iigidity in situ, then, it is not 
necessaiy to know the thickness of the arterial wall, its radius or the 
elastic coefficient E By simply determining the late of transmission of 
the pulse wave, the volume increase per unit rise of pressure (the 
coefficient of extensibility of vessels) can be determined m absolute 
units 

FACTORS MODIFYING THE VELOCITY OF THE PULSE WAVE 

The velocity with which the pulse wave is tiansmitted is dependent 
piimarily on the coefficient of elasticity or iigidity of the aiteiy How- 
ever, seveial othei factois deserve consideration The velocity of 
the blood flow may be legaided as a small quantity m calculating the 

2 Bramwell, T C and Hill, A V The Velocity of the Pulse Wave in 
Man, Proc Roy Soc , London, s B 93 229, 1922 
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velocity of pulse waves Yet it ma}'^ affect to a noticeable degiee the 
form of the pulse wave as well as its rate of propagation Assuming 
0 75 metei per second to be the aveiage maximum velocity of the 
flow of blood m the human aorta under basal conditions and 0 25 meter 
per second the average velocity in the carotid artery, it is obvious that 
the correction for the velocity of blood flow itself is small But Bram- 
well and Hill - pointed out that any considerable increase in the velocity 
of the blood as a result of local or general disturbances will cause an 
equal mciease in the velocit}'' of the pulse wave They stated that “any 
experimentally detei mined wa\e (pulse) velocity must represent the 
velocity of the wa\e lelative to the blood, plus the velocity of the blood 
m the ai tery ” 

Another factor that may modify the velocity of the pulse wave is 
the act of lespiration Hickson and McSwmey “ showed that the 
\elQCity of the pulse wave is slightly higher during the phase of expira- 
tion, owing to the fact that duiing the expiratory phase the blood 
piessure is slightly increased 

But the chief factors concerned m altering the velocity of pulse 
waves aie variations m the aiteiial elasticity The variations are essen- 
tially the result of two factois (1) the effective internal pressure 
within the arteiy, and (2) the constitution or “make-up” of the arterial 
wall 

In regal d to the former, considerable experimental evidence indi- 
cates that the piessure inside the A'cssel plays an important idle in 
modifying the arterial elasticity and thus in modifying the speed of 
tiansmission of the pulse wave Roy,’* m 1880, pointed out b} means 
of a scries of extensibility curves obtained b} experimental methods 
that the elasticity of isolated human and animal aortas depends to a 
laige extent on the intra-arterial pressuie Grunmach,® m 1885, mea- 
sured the velocity of the pulse wa^es in an attempt to establish the 
lelationship between the velocity of the pulse wave and the aortic 
pressure He found that patients suffering from defects of the aortic 
valves and severe anemia, both of wdnch conditions give rise to low 
aortic pressure, had slow velocities of the pulse w'aves, while those 
suffering from arteriosclerosis had high velocities, a fact which he 
attiibuted to increased aoitic pressure 

Bramw’^ell and Hill,- in 1922, aftei iccalculating Roy’s curves were 
able to derne from them the peicentage mciease in ^olume of the 

3 Hickson, S K, and McSwincj, B A Effect of Respiratory Movements 
on Pulse Wave Velocity, J Physiol 59 217, 1924 

4 Roy, C S The Elastic Properties of the Arterial Wall, J Physiol 3 125, 
1880-1882 

5 Grunmach, E On the Pulse Velocity in Diseases of the Circulatory Appa- 
ratus, Virchows Arch f path Anat 102. 565, 1885 
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vessel per millimeter of meicury increase m pressure and thus the 
velocit} of the pulse wa\e at various pressures Their results showed 
that the Aelocity of the pulse wave was low at low pressures and 
increased considerably at higher pressures By an ingenious method, 
the same investigators experimental^^ confiimed these deductions elicited 
from Roy’s cui\es by direct mechanical measuiement of the velocity 
of the pulse wave m isolated aiteries which were filled with mercury in 
order to slow the transmission of the wave They found that at a 
diastolic piessure of 25 mm of mercury the velocity of the pulse w'^ave 
was 3 76 meters per second At a diastolic pressure of 200 mm of 
mercury, it increased to 18 5 meteis per second Then results indicated 
conclusively that the velocity of the pulse wave increased almost directly 
as the blood pressure, and that the rate of propagation of the pulse 
w^ave was a mechanical phenomenon depending on the elastic properties 
of the vessels Thus, with increasing diastolic pressure there appeared 
to be a gradual diminution of extensibility and a giadual increase of 
1 igidity 

Bramwell, McDowall and MeSwnney,® m 1922, described a method 
by which the extensibility of the brachioiadial artery could be measured 
at all mteinal pressuies from zero up to the diastolic pressure in living 
man By the employment of a compression bandage they were able to 
alter at will the effective pressure inside a certain region of an aitery 
and to calculate the velocity of the pulse wave m the segment of arteiy 
submitted to the various pressuies Making use of the foimula 



1 


in which X equals the tiansmission time betw^een two points at a dis- 
tance (1) fiom each other and y the time between the same points 
when a bandage of length d is applied, the velocities of the pulse wave 
at various diastolic pressures were calculated They found that the 
velocity of the pulse wave increased and therefore extensibility 
decreased as the intra-arterial pressure was increased 

Bramwell, Downing and Hill,'^ in 1923, by the use of the two 
hot-wire sphygmographs and two strings of an Einthoven galvanometer, 
repeated their study on isolated arteries in order to ariive at more 
accurate measurements This study was limited to the carotid artery, 
a vessel which contains only a relatively small amount of muscular 
tissue In twelve observations, the velocities were recorded at twelve 
different pressures ranging from 15 to 250 mm of mercur} Convert- 

6 Bramwell, J C McDowall, R J S, and McSwiney, B A The Vana- 
tiou of the Arterial Elasticity with Blood Pressure in Man, Proc Roy Soc, 
London, s B 94 450, 1923 

7 Bramwell, J C , Downing, A C, and Hill, A V The Effect of Blood 
Pressure on the Extensibility of the Human Arteri, Heart 10 289, 1923 
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mg formula (3) into another convenient form, the velocity of the 
pulse wave may be expressed m terms of millimeters of mercury rise 
of pressure per 1 per cent increase of volume or iigidity of the artery 
as follows 

(S') V = 3 57 \/millimeters of mercury of pressure required to produce 1 per cent 

^ \ increase in \olumc 

Aftei calculating the rigidity of the vessel from the experimentally 
determined velocity of the pulse wave by means of this formula, they 
plotted the various blood pressures against rigidity, and were able to 
demonstrate a striking increase of rigidity of a vessel with the increase 
of blood pressure The evidence proves that the arterial elasticity 
depends to a considerable extent on the diastolic blood pressure 

The second important factor modifying the rate of transmission of 
the pulse wave is concerned with changes inherent m the arterial wall 
According to the classic formula of Moens,^ the velocity of the pulse 
wave vanes directly as the square root of the thickness of the arterial 
wall and inversely as the square loot of its diameter Consequently, 
any factor which causes thickening of the wall of the artery or nar- 
rowing of its lumen will increase the rate of transmission of the pulse 
wave 

Bazett and Diyer,® m 1922, showed that the \elocit} of transmission 
is considerably lowei m the large vessels than m the smaller peripheral 
ones This observation has been confirmed m iii} studies on the trans- 
mission time of the pulse wave through the aoita and brachioradial 
vessels The fact that medium-si/ed arteries, such as the radial, the 
brachial or the carotid vessels, are endowed with relatively more 
muscular tissue than the aoita and the iliac \essels, and the fact that 
the internal diameter of the peiiphcral arteries is considerably less than 
that of the aorta and its immediate branches probably explain the dif- 
ference m the lates of transmission of the pulse wave m these vessels 
Furthermoie, because of these anatomic variations, it is reasonable to 
assume that the medium-sized arteiies, as opposed to the large vessels, 
are subjected to gi eater vasomotor influences, vhich may functionally 
or otherwise so alter the tonus and degree of contraction of their walls 
as to inciease the -solume elastic coefficient (rigidity) and consequently 
the speed of the pulse wa\e 

Laubry, Mougeot and Giroux,” in 1921, b\ increasing the tonicity 
of the arteiy in situ by cold applications showed that the velocity of 
the pulse w^ave increased On the contrary, rasodilatation diminished 
the speed of the pulse wave 

8 Bazett, R C , and Dryer, N B Measurement of Pulse Wave Velocity, 
Am J Physiol 63 94, 1922 

9 Laubry, C H , Alougeot, A , and Giroux, R The Speed of the Arterial 
Pulse Wave, Arch d nial du cceur 14 49, 1921 
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MacWilliam,^® m 1902, showed that medium-sized vessels such as 
the caiotid, obtained soon after the death of the animal, could be sub- 
mitted to various states of relaxation and contraction by various physical 
and chemical means By an ingenious method he measured the increase 
in volume of short segments of the altered vessels under various degrees 
of pressure, and then plotted volume-elasticity curves m which the 
^olume was plotted along the ordinate axis and the pressure along the 
abscissa The curve of the strongly contracted vessel was concave to 
the abscissa, while that of the lelaxed vessel was convex to the abscissa 
He concluded that the differences in the shape of the curves were due 
to the fact that the muscular lesistance of the contracted vessels opposed 
extensibility at normal internal pressures, while in the relaxed vessels 
the muscular contraction was lacking to a considerable extent and 
theieby favoied extensibility at the same normal internal pressures 

MacCoidick^^ found that the carotid arteiies of the horse were 
contractile several days following removal and that the vaiious degrees 
of contraction made a decided difference m the measurements of 
elasticit}' Renterwall found that when extension curves were plotted 
by testing the same artei} m rapid succession, a diffeience was found 
between the successive curves By treating the same arteries with 
epinephiine he was able to modify the shape of the cuives He con- 
cluded that the differences m the curves weie due to the varying degrees 
of coiiti action These experiments show that the transmission of the 
pulse wave in medium-sized vessels is affected to a consideiable extent 
by the degree of muscular contraction as well as by the intra-arteiial 
piessuie Fribeigei,^® m 1912, studied the velocity of the pulse waves 
in arteiies with palpable thickening of the walls (m patients suffeiing 
from nephiitis) and attributed the increase of the velocity of the pulse 
wave to the increased musculai tension combined with degenerative 
changes m the arteiial wall Sands,^^ m 1925, was unable to confiim 
this observation 

The constitution of the wall of the aorta is such that its physical 
behavioi is different from that of the medium-sized vessels While 
there is a slight amount of smooth muscle m the aortic wall, this has 
a negligible effect as far as the transmission of the pulse wave is con- 

10 MacWilliam, J A On the Properties of the Arterial and Venous Walls 
Proc Roy Soc , London 70 109, 1902 

11 MacCordick, A H Ueber die Stromung des Blutes in der Gefassbahn und 
die Spannung der Gefasswand, Beitr z path Anat u z allg Path 66 377, 1920 

12 Renterwall, quoted by Thoina, R Ueber die Elastizitat der Arterien und 
die Angiomalacia, Virchows Arch f path Anat 236 242, 1922 

13 Friberger, R Ueber die Pulswellengeschwindigkeit bei Arterien mit 
fuhlbarer Wandverdickung, Deutsches Arch f khn Med 07 280, 1912 

14 Sands, J Studies in Pulse Velocity Pulse Wave Velocity in Patho- 
logical Conditions, Am J Physiol 71 519, 1925 
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ceined Thus, Zon,^“ m 1932, expei imentall} , in rapid succession, 
obtained extension curves of a ship of ascending aorta and found no 
dififeience between the lespective cunes Aftei the application of a 
0 005 per cent solution of epinephrine (surrounding the aorta) he 
lepeated the experiments and found no appreciable change in the foiin 
of the curve 

The elastic propeities of the aoita are governed essentially b\ the 
diastolic pressuie and b} the amount of elastic tissue contained in its 
wall The aorta is piobabjy almost entirely devoid of vasomotor 
influences such as control the medium-si7ed and smaller arteries 
Physical tests, to be described latei, show that the extensibility of the 
aoita IS considerabl} gi eater than that of the medium-sized vessels 
This is undoubtedly due to the fact that the aorta, as indicated by the 
Weigert and Van Gieson stains contains a much gieatei amount of 
elastic tissue The fact that the lumen of the aoi ta is greater than that 
of the medium-sized ^essels also explains in pait its inci eased extensi- 
bility 

The aiterial changes that occur Avith age have throwm considerable 
light on the physical propeities of the aortic wall Fiank,^® in 1927 
show'ed that the elastic volume coefificient (rigidit}) is dependent on 
the tension per unit cross-section area of the lessel, approximateh as 
given by the equation E — Eo -f- qt,- in wdnch E denotes the elastic 
coefficient, Eo the residual elasticit\ q the elastic characteristic accoi fl- 
ing to age and t the tension Pie found that the value q changed in 
the indnidual arteries much moic than Eo, and also that q increased 
with age Thus, in old people he found the laliie of q to be six times 
as great as that found in childicn, while Eo remained approximately 
the same AVith a tension of zero, E lemained the same for both 
longitudinal and tiansverse expansion With increasing tension the 
former inci eased moie rapidly than the lattei Thus the extensibility 
of the aorta is much greatei in the longitudinal diiection than in the 
trans\eise He concluded, theiefore, that the elastic substance in the 
arteiial w’all could not be homogeneous Pie stated that some colloidal 
alterations in the aiteries are responsible for changes in the elasticity 
relations He also pointed out that arterial rigidit}'- inci eased very little 
wuth increased tension at low^er tensions in young persons On the 
other hand, m older subjects the aiterial iigidity increases lapidly wath 
an inciease in tension at lowei tensions, so that the curies assume almost 
stiaight lines at their vei}'’ beginning 

It appears fiom recent w^ork that the alteiations that occiii wath age, 
especiall}'’ m the aoita, involve corresponding legiessive changes in the 

15 Zon, L , Unpublished material (Thesis, University of Minnesota, 1932) 

16 Frank, O Das Altcrn der Arterien, Sitzungsb d Gesellsch f Morphol 
u Physiol 37 23, 1927 , abstr , Ber u d ges Physiol u exper Pharmakol 41 
234, 1927 
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clastic tissue Aschoft called attention to the fact that when an aoita 
was loosened from its attachments from the veitebral column, except 
at Its ends, and then cut tiansversely through its midportion, the cut 
ends would retiact considerably in young people, but not to any 
appreciable extent in old persons This diffeience he attributed to 
weakening of tbe elastic tissue With advancing age the size of the 
aorta gradually increases, and physical tests indicate that extensibility 
decreases Zon,^'^ in an attempt to con elate the physical behavior of 
aortas at vaiious ages with then respective histologic stiuctures, deter- 
mined the extensibility of imgs of aortas from all periods of life His 
studies show a piogressive disappearance of elastic tissue, with a slight 
leplacement by collagenous tissue and a change m foim of the elastic 
fibers with age He expiessed the belief that the decrease of extensi- 
bility with age is due to the degeneiation of elastic tissue 

It is obvious from the preceding considerations that the factors which 
govern the transmission of the pulse waves in medium-sized vessels are 
not altogethei similai to those that govern the transmission of pulse 
waves 111 aortas 

A number of investigators have studied the rate of transmission 
of the pulse wave in man, especially in the medium-sized vessels such 
as the radial, brachial and carotid aitenes Several have even attempted 
to study the rate of transmission through the aorta and the iliac vessels 
These investigations have afforded valuable information concerning the 
elasticity of aitenes However, although the lesults indicate that there 
IS a piogiessive inciease of velocity with age, an inspection of the 
values foi the velocity of the pulse wave, as lepoited, reveals considerable 
discrepancy as to what constitutes the norms of velocity for different 
age gioups Furthermore, the increments of the velocity of the pulse 
wave reported m successive age groups are of such variable magnitude 
as to preclude the possibility of establishing a normal standaid A glance 
at Wiggers’ table (1923), deiived from the graphic lecoids of normal 
adults, as given by vaiious investigators, shows the variability of the 
values leported 

Obviously such conflicting results are of little value in attempting 
to establish a normal lange of velocities of the pulse wave The dis- 
paiity shown m the lesults can be explained only in part by the difference 
in methods and technics employed in legistering the rate of transmis- 
sion of the pulse wave However, since the intioduction of the segment 
capsule liy Fiank,^'’ m 1913, and the hot wiie sphygmograph by Hill,-° 

17 Aschoff, L Lectures on Pathologjs New York, Paul B Hoeber Inc 

1924, p 131 ’ ’ 

18 Wiggers, C J Modern Aspects of Circulation in Health and Disease, 
cd 2, Philadelphia, Lea & Febiger, 1923 

19 Frank, O Theor}^ of Segment Capsule, Ztschr f Biol 59 526, 1913 

20 Hill, ^ V Hot Wire Sphygmograph, J Physiol 51 Cxvii, 1920-1921 
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in 1920, accurate optical records of the pulse wave can be obtained, 
thus minimizing errors that otherwise would be present Another source 
of error that may account for the inconstancy of results is the \ariabilit} 
in the methods of measuring the anatomic landmarks which represent 
the actual arterial distance traversed by the pulse wave in passing from 
the heart to points at which the pulse wave excursions are recorded 
Moreover, in older persons the tortuosity of the vessels introduces an 
immeasurable though probably not great erior 

Recently, Hemingway, McSwmey and Allison,-*- employing the hot 
wire sphygmograph, showed by accurate measurements that the veloci- 


Tabli: 1 — Values fot the Velocity of the Pulse IVave Rcfoitcd m the Litciatuie’^ 


Year 

Investigator 

Carotid Radial 
Vclocitj , 

Min and Sec 

Aortic 

Velocity, 

Min and Sec 

18G1 

Caermak 

C 7 


1878 

Moons ^ 

87 


1879 

Grunraach 

8 29 


18S7 

Keyt 

7 37 


18S9 

rdgren 

7 C3 to 7 32 


1889 

Honveg 

90 


1912 

Stunzer 

9 0 to 12 


1912 

FriborBcr i'' 

C 7 to 9 4 (men) 

7 0 to 10 0 (women) 
(1C to SC J ears) 


1912 

Ruschke 

00 


1921 

Laubry, Mougcot and Giroux o 

80 


1922 

Bramuoll and IIIII ~ 

5 9 to 7 3 
(15 to 50 jears) 


1922 

Bnzott and Drjcr * 

5 2 to 7 0 
(13 to 30 years) 

4 5 to 9 7 

1924 

Sands 

3 02 to GS3 
(10 to 41 jeara) 

S 57 to 3 GO 

1027 

Bej crholm 

5 01 to 7 38 

{Vi, to GO J cars and mote) 


1932 

nafkesbring and Ashman 

5 8 to 10 3 
(17 to 44 years) 



* TnWo 1 Is In pnrt copied from WlBKcr*® I lin\c ndded to WicBer’s table the Ia=t four 
authors and the values for the telocltlcs of pulse -waves tbe> obtained 


ties of the pulse wa\e and the extensibilities of the brachial and radial 
arteries varied considerably m normal persons, thus further complicat- 
ing the problem of aiterial elasticity The} found after the constiuction 
of a series of curves relating the velocity of the pulse wave and extensi- 
bility to effective arterial pressures, that the arteries of normal subjects 
could be classified in three types (1) noimal, (2) h} perextensible and 
(3) hypo-extensible The} stated that while Bramwell, Hill and 
McSwmey -- found the coefficient of the mean extensibility of an arter} 

21 Hemingway, A , AlcSviney, B A , and Allison, P R Extensibility of 

Human Arteries, Quart J Med 21 489, 1928 

22 Bramwell, J C , Hill, A V, and McSwine\, B A The Velocity of the 
Pulse Waye in Man in Relation to Age as kleasured bj the Hot-Wire Sphigmo- 
graph. Heart 10 233, 1923 
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at the age of 20 to be 0 33, iii the experiments of Hemingway, 
McSwiney and Allison, the variation at this age was between 0 3 and 
0 64 Hemingway, McSwiney and Allison attributed this wide vaiiation 
to influences originating presumably from the vasomotor centei and 
affecting the tone of the smooth muscle m the arterial wall 

It IS apparent from the pieceding considerations that the status of 
data on the velocity of the pulse wave, as far as the practical application 
for evaluating arterial elasticity is concerned, is attended by considerable 
disagreement and confusion It is necessary, first, to establish criteria 
for normal standards of the velocity of the pulse wave at various ages 
Once these are established it will be possible to evaluate the elasticity 
of the vessels in which arterial disease is suspected Such an object 
can be accomplished only by the use of a precise and accurate recoiding 
instrument with which the velocity of the pulse wave of a large series 
of patients of all ages can be measured After the data are obtained 
it IS necessary to determine the normal values for each age group If the 
observers mentioned previously are coriect in stating that the elasticity 
of the vessels of normal persons falls into one of three groups, then 
It IS necessary to determine the limits of variability of arterial elasticity 
in each age group If, moreover, there is a relationship between the 
elasticity and diastolic pressure, it is necessary to subject this relation- 
ship to a quantitative analysis by statistical means 

METHOD 

Registiahon — In this work, optical registration was employed throughout An 
optical projection system, as described by Wiggers for reflecting light from two 
segment capsCiles, was used in such a manner that the illuminating beam of light 
was thrown through two adjustable vertical slits onto small rectangular mirrors 
(1 by 4 by 0 01 mm ) mounted on the margin of segment capsules A time marker 
activated by a motor synchronized by a tuning fork was interposed between the 
condensing lens and the adjustable slots at the focal point of the light for record- 
ing the periods of time in fifths of a second A narrow hood 0 75 meter long was 
placed between the recording camera and the segment capsules, and the apparatus 
was carefully alined before each operation to obviate parallax The segment capsules 
were connected to the receiving instruments by tubing as short as possible and 
of exactly the same length in the two systems, thus assuring equal transmission 
time of the pressure waves traveling m the receiving systems The receiving 
apparatus consisted of two parts, a shallow aluminum cup being used over the 
carotid vessels and a glycerin pelote over the radial and femoral arteries Seg- 
ment capsules 12 mm in diameter were employed 

Meamiement of Records — The beams of light reflected from the segment 
capsules were directed on the cylinder lens of a Hindle photokymograph and 
recorded on sensitized bromide paper, 12 cm wide Each record contained two 
sets of curves, the first recording the pulse waves from the radial and from the 
carotid arteries taken simultaneously, and the second recording similarly the pulse 
waves from points on the carotid and on the iliac arteries The first set of curves 
determines the brachioradial transmission time, the second set determines the 



780 


ARCHIVES OP INTERNAL MEDICINE 


aortic-ihac transmission time Each curve consists of from six to eight cycles 
Of these, the four or five cycles showing the most abrupt upstrokes were measured, 
and an average figured Differences in measurements of the various cycles did 
not vary as a rule more than 3 or 4 per cent 

The averages of four or five cycles were figured to obtain a mean value The 
variations m the individual readings were partially due to changes m blood pressure 
associated with respiratory movements Because of the four or five successive 
readings on each subject, it was possible to test the reliability of the technic 
(table 2) The mean and total range of the deviations from the mean of the 
four or five readings were calculated for twenty -five subjects chosen at random 
from each age group, except in the age group from 5 to 9 years, in which nine- 
teen records were chosen and in the 65 year age group, m which eighteen records 
were chosen 

Tabih 2 — Dcnatww! of llic Iu<;ti iimciital Ihiiit 


Mean Dev lutton ot Total Range of Dev iation of 

Five Readings Five Readings 

— * - A 


\ge Period, Yenrs 

Mavlinum 

Mean 

Mavimiim 

Mean 


Vdocitj ot the Radial Pulse Waves 


'i to 9 

oas 

012 

07 

04 

10 to 14 

oso 

013 

09 

04 

n to 19 

0 20 

013 

1 0 

04 

20 to 24 

0 S5 

014 

1 0 

04 

25 to 34 

0 24 

Oil 

OS 

04 

3". to 4-J 

0 20 

Oil 

07 

04 

in to 34 

O^O 

0 14 

08 

04 

3"> to 04 

02S 

014 

08 

04 

03 and more 

0 23 

OIS 

00 

04 

Vv ernge 

0 2S 

013 

0 87 

04 


Velocity of the 

Aortic Pul'c Waves 


5 to 9 

0S2 

013 

08 

04 

10 to 14 

0 30 

012 

1 0 

04 

n to 19 

0 2S 

012 

00 

04 

20 to 24 

OSl 

Oil 

1 2 

04 

2"i to 34 

0 2S 

ois 

08 

04 

S', to 44 

0 2S 

014 

08 

04 

43 to 54 

0 23 

OIS 

08 

04 

11 to 04 

OSO 

oil 

10 

04 

01 and more 

0 37 

017 

09 

0 4 

Average 

OSO 

014 

OSS 

04 


According to Tippett,-^ the standard devntion, <r, mav be determined from the 
mean range for the twenty^-fivc sets of five readings each bv dividing the 


mean range by a constant, 2 326 thus <r = 


0 4 


2 126 


= 017, when the constant is 


obtained from the tables according to the number of readings in each sample 
in the series Since the mean range was the same for all age periods and for 
both radial and aortic v'elocity% the standard deviation is the same, namely, 017 
Since the mean deviations for both groups vary only^ from Oil to 017, the coef- 
ficients of variation, C V = — — X 100, for all age periods and for velocities 

nicvn j 

of both aortic and radial pulse waves arc between 1 and 1 5 per cent lienee, oy 

definition of the standard deviation and the coefficient of variation, tw'o thirds of 
the time the error of the instrument would be within a range of from ± 1 to ± 1 5 
per cent (± 1 C V ) and 95 per cent of the time within a range from 2 to 3 per 


23 Tippett, LHC Hethod of Statistics, London. William Norgate, Ltd , 
1931, p 26 
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cent Hence, tlie probable range of error introduced into the readings of the 
velocit\ of aortic and radial pulse \\a\es is alwut 2 5 per cent 

In some of the records the exact beginning of the sjstohc upstroke was compli- 
cated by the presence of a presphjgmic vibration (period of rising tension of the 
ventricular sj stole) In these cases the records were rejected because of the 
difhculty in determining the exact beginning of the upstroke 

The records were measured by means of a glass reading plate having one face 
accurately etched in millimeters The etched face was laid down directly on the 
record so as to avoid parallax Both the reading plate and the record were placed 
on a stage to which was attached an adjustable microscopic lens capable of mag- 
nifying the record six times In this manner the distance could be measured to 
within 0 1 mm With the sensitized paper traveling at the rate of 100 mm per 
second, the intervals of time can be read to within one thousandth of a second In 
many of the records, the commencement of the upstroke was marked with a fine- 
pointed needle held under a microscopic lens, thus insuring accuracy 

All records were recorded with the patient lying at ease in the supine position 
In ineasuimg the brachioradial velocity an aluminum cup was held snugly over the 
bifurcation of the right carotid artery', while the glycerin pelotte was fixed firmly' 
over the radial vessel of the right wrist by a strap encircling the wrist In measur- 
ing the aortic time of transmission, the aluminum cup was held firmly on the left 
carotid bifurcation, and tlie glycerin pelotte was held firmly' over the iliac artery 
just below the inguinal ligament When the patient was excited and the pulse 
rapid, he was given a five minute period of rest before the receiving apparatus 
was applied The blood pressure was measured by the auscultatory method after 
taking the record In most cases, the height and weight were also recorded 
Anatomic Landmaiks and Mcasm cmcnt <; — As mentioned previously, the 
anatomic measurements mav introduce a considerable error if not taken with pre- 
cision Thus, assuming the total distance measured to be about 50 cm , a differ- 
ence of 2 cm in measurement would introduce an error of 4 per cent If the 
pulse wave traverses an actual distance of 50 cm in six-hundredths of a second, 
the velocity would be 8 33 meters per second, while if the measured distance was 
48 cm , the v elocity would be determined as 8 meters per second 

All patients were made to assume as nearly as possible the same position, so 
that the anatomic landmarks could easily be recognized and accurate measure- 
ments taken therefrom The landmarks of the bifurcation of the common carotid 
artery can be found by following the superior border of the lamina of the thyroid 
cartilage out to its very end At this point the bifurcation can most easily be 
palpated Because of the anatomic relationships in the neck, it is important that 
tlie head be only slightly extended Excessive extension may introduce an error 
in measurement 

The measurements of transmission time for the carotid and radial vessels were 
all made on the right side of the body Accurate measurement from the origin 
of the right subclavian artery to the radial artery at the styloid process can be 
made bv extending the right arm at right angles to the long axis of the bod\ 
The length of the subclavian brachioradial branch can be determined accuratelv 
bv measuring the direct distance from the sternoclavicular joint to the styloid 
process of the radius Likewise, if the head is not thrown back too far, the carotid 
vessel can be mapped out with precision from the same point over tiie sterno- 
clavicular joint directlv to its bifurcation Similarly the length of the left com- 
mon carotid arterv can be measured 
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To obtain the transmission time of the pulse wave through the aorta, it was 
necessary to make a correction for the aortic arch The origin of the left common 
carotid artery as topographic anatomic sections show, and as I have observed in 
a large number of postmortem examinations, is at the level of the inferior border 
of the first left rib just lateral to the midsternal line The lower border of the 
first left rib at its junction with the sternum was therefore used as a landmark 
The level of the crests of the ilium at the midline of the body was taken as the 
landmark for the bifurcation of the aorta The direct distance from the lower 
border of the first rib to the midpoint of a line passing over the iliac crests was 
measured To this distance was added the length of the iliac artery Its length 
was determined by measuring the direct distance from the midline of the abdomen 
at the level of the iliac crests to the inguinal ligament at which point the glycerin 
pelotte lay over the iliac artery just at its entrance into the femoral canal 

To make this correction for the arch, 4 cm was added to the measurements 
in persons over 15 years of age, and 2 cm was added to those of subjects under 
15 years These correction values were obtained from the study of eight>-three 
postmortem examinations of persons ranging from 3 to 99 jcars of age The 
external measurement of the length of the aorta was first made, as already 
described After opening the thorax and abdomen, the aorta nas carefully cleaned, 
and the distance from the origin of the left common carotid artery to the bifur- 
cation of the aorta was measured with a piece of string laid carefully along the 
intima of the aorta In forty-seven cases both the greater and the lesser curvatures 
of the aorta were measured, and the mean value obtained In the remaining cases, 
only the greater curvature wxis measured In these, when the greater cur\ature 
was measured and compared to the externally measured aortic distance, the 
average difference was 5 77 cm In the forty-seven cases in which both the greater 
and the lesser curvature were measured and the mean computed, the average differ- 
ence between the internallj and the externally measured distance was 487 cm 
The average correction factor m the patients under 15 jears of age was calculated 
to be 18 cm For convenience, the factor of 2 cm was used as the correction 
factor in patients under 15 jears Any error due to the use of this factor will 
be less than ± 4 per cent Wliiie the correction factor actuallj determined for 
use above the age of 15 was 4 87 cm, I have added onlv 4 cm , as the greater 
portion of the postmortem cases in which the correction factor was determined 
fell in the older age group, and a considerable number of these patients had 
died of cardiovascular and renal diseases Anj error caused by using this 
factor of 4 cm will be less than tt. 4 per cent in 90 per cent of all cases In 10 
per cent of the cases the error is greater than 4 per cent and mav occasionally 
be as high as 10 per cent In most of these cases there is considerable lengthening 
of the arch associated with atherosclerosis, and the external measurement can- 
not be expected to be as accurate as when there is no aortic lengthening A marked 
deformity of the spine can also cause considerable error in this measurement 

Aoitic Velocity of Tiaiisinissioji — ^This was obtained in the following manner 
First, simultaneous curves were recorded from the pulses at the bifurcation of 
the left common carotid artery and at a point over the iliac artery at the inguinal 
ligament 

Second, measurements were taken of the distance from the lower border of the 
left first rib to landmarks on the neck and inguinal ligament (with the correction 
factor added to the latter) and the former measurements subtracted from the 
latter to obtain the distance traversed by the pulse wave in the recorded time 
interv'al Finally, to arrive at the velocity of transmission of the pulse wave, the 
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lra>cr!t(l b; the t.mc intcrMl as recorded bcmccn the com- 

mcnccniciit of the carotid and that of the ihac systolic upstroke (fig 1, aortic 

curves) 

Caiotid-Radial J cloati of Ttausmiisiou —In a similar manner, this was cal- 
cul.itcd (fig 1, radial curves), except that the right sternoclavicular joint was 
used as one oi the landmarks instead of the lower level of the first left rib, and 
a point near tlie stv ioid process of the radius where the pelottc was fixed as the 
landm.irk inste.id of the midpoint on the inguinal ligament 


The transmission time oi the pulse waves through the aorta and iliac artery 
mav be iitili/cd as an accurate factor in determining the minute output of the heart 
iroin tlie Rrotmstr and Ranke formula,^^ as the accuracy of their equation 
depends to a large e -dent on knowing the distensibility of the central vessels and 
the aorta 




Fig 1 — Examples of optically recorded tracings obtained by the segment capsule 
method as described in the text In the lower record a finer time marker was 
cmploved The time hues however, can readily be seen under magnification A 
indicates radial curves B, aortic curves 

MATERIAL 

The age group from 5 to 9 vears was composed of thirty-three subjects, 
eighteen of whom were girls About 85 per cent were apparently normal children 
who were attending school, tlie remaining 15 per cent were hospital patients 
who were convalescing from acute infections such as otitis media, acute infection 
01 tile upper respiratorv tract and p\ elocj stitis 

The age group from 10 to 14 vears w'as comprised of thirty-seven children, 
t\\cwt\-onc ot whom were boys Their selection was similar to that of the pre- 
vious group Observations were made on sixty-four in the age group between 15 

24 Rroemser P and Ranke, 0 L Ueber die .Messung des Schlagvolumens 
dcs Herzen auf unblutigem Wege, Ztschr f Biol 90 467, 1930 
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and 19 years, of whom twenty-three were boys Of the twenty-three, 56 per cent 
fell in the age period from 15 to 17 years, and of forty-one girls, 83 per cent were 
18 and 19 years of age Uniformity between the males and females is therefore 
lacking in this group Of the forty-one females, approximate!} 81 per cent were 
nurses who had just entered training The twenty-three males were all hospital 
patients, most of them convalescing from herniotomies and appendectomies Several 
Avere convalescing from lobar pneumonia and other acute infections 

The age group from 20 to 24 years comprised a hundred and twenty subjects 
Thirty-five were males, all medical students The eigthy-five females Avere nurses 
They Avere e\’enlv distributed m the age period 

There Avere eighty-seven persons m the age group betAveen 25 and 29 years, 
eighteen of Avhom Averc females The sixty-nme males Avere interns, residents and 
senior medical students Ninety per cent of the females Avere nurses, and 70 per 
cent of them fell m the age group from 25 to 26 years 

The age group from 30 to 39 years Avas comprised of seventy-scA en persons, of 
Avhoni seventeen Avere females They Avcrc fairly Avell distributed throughout the ten 
year age period Approximatelv 75 per cent were hospital and dispensary patients 
Thc} Avcre carefullv questioned and examined for the presence of cardiovascular 
diseases No person suspected of having cardiovascular disease was used in this 
investigation Of thc 75 per cent approximately 50 per cent were patients who 
were being treated for peptic ulcers 

A similar situation existed in the age group from 40 to 49 years, comprising 
seventy-three persons Approximate!} 80 per cent of these were hospital and dis- 
pensary patients It is interesting to know that when the selection for this age 
group was made, a considerable number of candidates ^vvere rejected because of 
the presence of conditions suggesting cardiovascular involvement, such as coronary 
disease, hypertension and arteriosclerosis Onl} 15 per cent of the persons in this 
group were females Thc small number of females was due to the fact that a 
large number of the candidates were rejected on account of obesity Obesity 
makes it difficult to determine acciiratel} the length of the aortic-iliac stretch 
The same condition obtained in thc age group from 50 to 59 years^vvith fifty- 
eight subjects, of whom 6 5 per cent were females AVith few exceptions, no one 
with a diastolic pressure above 90 was accepted This rule applied to all groups 
Likewise, a svstolic pressure of over 150 was considered a cause for rejection 
The age group from 60 to 69 }cars consisted of thirty-three persons of whom 
fiv^c were females In the age group from 70 to 78 years onlv nine cases were 
reported, of which one was in a woman These were also hospital and dispensary 
patients who appeared to be in a fair!} good state of health None had hjpertension, 
}et all of them had definitely thickened and palpable brachial vessels Some tor- 
tuosity of the brachial vessels was also noted None had palpable goose-ring 
brachial or radial vessels Furthermore, in all nine cases roentgenograms of the 
heart taken at a distance of 6 feet (182 cm ) showed no definite cardiac 
enlargement 

The chief difficulty m selecting proper subjects from the older age groups 


appears to be that no method is av'ailablc by which one can evaluate even approxi- 
mately the condition of the brachioradial and aortic vessels Arteriosclerosis is a 


common observ'ation in people over 45 }ears of age, but the degree present v'aries 
considerably Palpation is, after all, too crude a method to be employed in the 
selection of subjects The pulse pressure gwes one, at times, a notion of the 
degree of arteriosclerosis of the aorta in aged persons, although the finding of hig i 
pulse pressures in all peisons (assuming, of course, aortic insufficiency to be rule 
out) who have aortic ai tenosclerosis is indeed inconstant The size of the cardiac 
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shadow inaj be of some aid This procedure was earned out in the age group from 
70 to 79 \cars before the \docitics of the pulse ua\e were recorded However, 
if one accepts tlie work of Fahr and h.s associates, == arteriosclerosis without nar- 
rowing the lumen of the aorta presumabh does not increase the work of the le t 
ecntricle, and therefore people with arteriosclerosis of the aorta, uncomplicated 
with other cardiotascular diseases, should not ha\e big hearts 

While I am full} aware of the fact that the subjects selected in the older age 
groups, cspeciall} o\cr 60 }ears may not lia\e been altogether characteristic exam- 
ples of this age group, every attempt was made to select subjects who appeared to 
be as normal as one is able to judge, at least as far as the cardioiascular system 
was concerned 

It is recogni/ed that if measurements could be made on older persons of the 
higher w'alks of life, whose living conditions ha\e rendered them less liable to 
diseases of the circulatory system and of associated diseases, a more accurate 
cross-section of the normal population for the particular age group might be 
obtained 

ItLSLLlS AND INTERPRETATIONS'® 


In Older to demonstrate the age changes m the velocity of the pulse 
wave, the values of the velocities of both radial and aortic pulse waves 
weie plotted against age, and the mean curve drawn through the senes 
of obseivations The resulting giaphs (figs 2 and 3) show the age 
increase and dispeision or spread of the obseivations The central 
tiends of the velocity of both ladial and aortic pulse waves and of the 
two sexes combined aie illustrated by point-to-point cunes drawn so as 
to leprcsent the means for each age period (tables 3 and 4) The 
cential 7ones of dispersion expected to enclose two thirds of the cases 
aie diawm m according to ± 1 standard deviation (tables 6 and 7) 
fioin the mean for each age group, with the exception of the velocit} 
of the radial pulse wave for the last age period, in which the standaid 
eiior for the previous age period is piojected in dotted lines The sex 
diflei dices in age trend are shown m figure 4 

The means and their standaid eirors for the velocit} of the aortic 
and ladial pulse waves for males, females and both sexes for each age 
gioup are gnen in tables 3 and 4, respectively The standard deviations 
for each age period and each sex and then standard eirors are given 
in tables 6 and 7 


With few exceptions, values for the velocity of both radial and 
aoi tic pulse n ai es tend to increase m successive age periods The trend 

25 Falir, G , DaMs, J , Kerkhof, A , Hallock, P, and Giere, E Hemo- 
dMiamics of \rterio';clerosis, Am J Phvsiol 101 376, 1932 

26 In tbc following discussion, for the sake of brcMty, I have purpose!} 
a^OIdcd the use of the terms “arterial elasticity” and “arterial rigidity” The velocity 
of pulse wa^cs is a direct function of arterial rigidity and an inverse function of 
arterial elasticit} It is therefore essential that one bear in mind that the terms 
indicating an increase of velociti of radial and aortic pulse w^a^es imply an increase 
o[ arterial rlg^dlt^ or, comersely, a decrease of arterial elasticity 
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Fig 2 — Graph showing the distribution of \elocit}' of aortic pulse \\a\es uith 
age The central trend is indicated by the point to point curve drawn into the mean 
\eIocities for five and ten jear age inter\als The central zone of -variability 
expected to contain two thirds of the individual observations is indicated by the 
point to point curves drawn into the standard deviation for each age interval 
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IS illustrated in figuie 4 The dififeiences between mean velocities for 
adjacent age gioups appear significant (tables 8 and 9) when subjected 
to statistical analysis The differences between the means of successive 
age groups aie in this study usually moie than 2 times their standard 
eriors, i e, they would occur by chance alone less than five times in 
a hundred 



5 15 25 35 45 55 05 75 


Age in. years 

Fig: 3— Graph showing the distribution of velocity of mean radial pulse waves 
with age The central trend is indicated bj the point to point curve drawn into 
the mean velocities for five and ten year age intervals The central zone of 
variability expected to contain two thirds of the individual observations is indi- 
cated by the point to point curves drawn into the standard deviation for each aec 
interval 


27 In ordinary statistical practices, when a difference between two means is 
2 times the standard error, the difference is considered possibly significant, since 
such a difference would occur by chance only five times m a hundred (Dunn, H 
L Statistical Mclliotls m Physiolosy, Physiol Rev 9 275, 19291 Some Inn 
metricians consider that it is wiser to „sc 3 times the standard error Then p!s' 
001, 1 e, difference would occur by chance only one time in a hundred ’ 




I-- Cl C-* o •ri'i 
OOOOOoOrHt'*' 

Q ooooooooo 

I +I+I+I+I+1+1+I+I+I 

r^»j*OC^ 00 wir 2 O«S 

«»'^OO<0t>-C0C5C5 


S I*; Si ?4 t r C'’ 

S rS rH 

15^ 


: c: 

rCX ^Ot/ 500 o*~' 
' 5 ^ i-hOO»''OOSO 
1"^ OOOOOOO 


I rj /» »*? O I*- or> f 5 

£; Cl i'' o o i*' 
r-OOTCOirCJ 


-r- o ‘?^Mrr<»© 

S3C -r^«Oi-COyo 

c g r^''lr- 00 o 01 

o*:: u oooooo© 

= is +m+m+w+i 

g:^:: g|2gs?s-;852^ 

ooooooooo 

1 I j I I I 


Sg^ritfSgr^'o 

O^^oob^ '- ^ 

8 OOOOOoOCO 

„ I +1+I+I+1+I+I+I+I+I 

ij" ?-s||i§a§a 

Hi «-r*‘'OOO|'-C 0 » 5 C: 


C O'^lO'^l-f— 0 “ 
8 


f S CO P ^ O •" Vj 
000000^0 
C OOOOOOOOO 

I +1+111+1+1+1+1+1+1 

r- O C? 1*3 I-- O I'D •“ O »2 
I- 1^ •»» O C'' CO *“ I"- 
r^-rO«DC OOO"^© 

»-»-‘00or-a50o 


o 

£ o 

Q o ^ o 'f ^ ZS _ 

^ r- 1 rHdP'’^ 00 '^ 

>1 o o o o o o o o n 

S; o o •» S !3 <■’ «-- « ;2 
6 a r-ld Cl ^ O 




COfHI^Ot-h-USO-H 

' S /S S? ^ S' 

I'DirDdl-OOr^OCj 

1 q d rH 1-H o o O rH rH r-i 

' g +I+I+1+1+I+I+I+I+I 

i> C5l20c6COOCOr-ll>- 
OOOOOC5OOC0 
CM O '<3' o C5 Cl 00 O i-H 

ooi."-t-t»a)cococo 


OOOOOOO 


Cl ^ "n* IT" o o •»" 

IH O Cl O CJ r- rH 


w-g cDCici'fec*-^'-' 

Cu CCOtOCOCOO 
• 3 «cjO'»-'OOL- 
‘'DC^eitHrHCJ-J' 

S g 2 +I+I+1+I+I+I+I 
gmS ?8S?iS§2SlgfS 

5 *- OrHOOCD-^OCIDD 

11+1111++ 


-5 •‘•CJiHOfHCJT'rHrN 

I +I+I+I+1+I+I+I+I+I 

8 * 0 ^■^»^ 0 Ooe 5 o 


5 |o 


i-i* 5 C 3 .-«oO£ 2 PS 

O O CJ Cl i> » 

„ d Cl Cl r-< © 

I +I+I+I+I+1+I+I+I+I 
^ MrtgooSSSi 

C “3 fTi 13 O d Cl rH Cl 
0 0 0^”*=®°°®°° 


S SSggSPS-^ls 


^ £S22a322g 

a '“2SSS«!SS£ 



789 


HALLOCK— ARTERIAL ELASTICITY 


On the whole, the dispersion of mean values foi the velocity of 
the aoitic pulse wave (table 6) is essentially constant for males and 
females up to about 40 years, when the dispeision of values as measuied 
by their standaid deviations is significantly inci eased The increasing 
variation from the mean aortic velocit)'^ that occurs in the latei decades 
of life can best be explained on the ground that with increasing age, 
especially after the fortieth 5 ^eai, theie begin to appear, in spite of the 
most meticulous selection of cases, the various manifestations of degen- 
erative diseases of the caidiovasculai system which may altei the 
elasticity of the arterial wall to various degrees In the age span from 
5 to 40 yeais the ranges of biologic variation fiom the mean velocities 
are approximately constant Fiom then on, regressive changes in the 
blood vessels alter the pictuie 

This is in accordance with AschotTs division of the life of arteries 
of the elastic type, especially of the aorta, into three periods first, the 
ascending period, lasting until the age of 35, characterized by an equal 
increase of all tissue elements of the vessel wall , second, the summit 
between the ages of 35 to 45, without marked arterial changes, thud, 
the descending stage, from the age of 45 on, chaiacteiized b} various 
degenerative changes Foster showed also that elastic tissue of the 
aorta attains its maximum growth at the age of 35 Then legressive 
changes begin to occur Aiteriosclerotic changes m the aorta between 
the ages of 35 and 40 years are not uncommon 

When the differences between the standard deviation of the 
velocity of the radial pulse wave for successive age gioups (table 7) 
are compared, particularly in males, the deviations appear to become 
significant at 50 years At 55 yeais the difference is definitely sig- 
nificant In the aorta, the difference of the standard deviations (table 6) 
becomes significant at 40 years of age Fiom this it can be concluded 
that the degenerative changes, at least m males, commence latei in life 
in the medium-sized vessels than in the aorta This coiioboiates the 
view that the wear and tear begins in the aorta 

The standard deviations for the velocities of both aoitic and ladial 
pulse waves (tables 6 and 7) m the old age period (graphicall}'^ lepie- 
sented in charts 2 and 3) are obviously large This may be due to the 
fact that the persons in this group were not tiue normal subjects On the 
other hand, the laige values indicate that theie may occur m the oldei ages 
a variety of pathologic changes The changes may so altei the condition 
of the aortic wall as to produce wide vaiiations in elasticitj leactions 
For example, a hardening of the wall will inciease the velocity of the 
pulse wave, whereas marked ectasia will tend to lowei pulse wave 
velocity Moreovei, tortuosity tends to an erroi in measuiement of 


28 Foster, L S Changes Occurring in the Elastic 
Advancing Age, J M Research 21 297, 1909 


Fibers of the Aorta 
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the distance traveled, and hence tends to lower the measuied velocity 
of the pulse wave It must also be kept in mind that persons age at 
varying rates after the age of 40 years, and a retardation in the rate 
of the aging processes leads to a lower velocity of the pulse wave 
Persons whose arteries age faster have an inci eased velocity of the 
pulse wave The wide spread of the central zone of variabilit} (stand- 
ard deviation) after the age of 40 may be due to all these kctors 
affecting m variable degree the individual velocities of the pulse wave 
For aortic velocit}' (table 6) the standard deviation foi the age group 
fiom 45 to 54 years is 0 958 In the age gioup fiom 55 to 64 years. 
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of the cases foi the ages above 60 would tend to fall withm the boun- 
daries of these dotted lines, provided more cases could be recorded 
It IS also probable that if it were possible to obtain records from older 
pel sons representing the higher strata of life, the velocities of their 
pulse waves would tend to fall within the designated zone 

It IS interesting to compare the age difference and standard errors 
for both sexes In males the mean velocities of the radial pulse wave 
as compared to the mean aortic velocities, remain consistently higher 
until the age of 65 years is reached After 65. the mean aortic velocity 
passes the mean radial velocity (tables 3 and 4) As legards females, 
with the exception of those m the age period from 45 to 54 years, 
a similar situation obtains until the age period from 55 to 64 At this 
period, both mean radial and mean aortic velocities become the same, 

mctTrf Aftei this age the mean velocity of the aortic pulse wave 
exceeds the mean radial velocity 

When one compares the velocities of the radial and aortic pulse 
wa\es m both sexes (tables 8 and 9) one finds that between the ages 
of 14 and 20, the radial and aortic velocities m females exceed these 
\elocities in males This phenomenon appears to be a common observa- 
tion in growth curves of males and females Scammon showed from 
gronth curves obtained in postnatal life that because females pass 
through most of the tiansition of the developmental peiiod a little 
earlier than males the jiliysiologic age of girls is usually greater than 
that of boys of the same chronological age This difference probably 
accounts for the increased lelocit) in females in the age period from 
14 to 20 

Table 3 shoA\s that theie are no significant sex diffeiences in the 
aortic velocities from the age of 5 to 15 }ears Howe^el, after 15 
\eais significant sex diffeiences appeal Thus foi example, in the age 
period from 15 to 20 yeais, the difference between the tno means is 
3 times the standard error Such a diffeience would occur by cbance 
alone only one time in a hundred In the age period fiom 35 to 44, 
the difference between the means is 1 83 limes the standard error This 
difference may be considered on the border-line of significance, for it 
would occui by chance alone only six times m a hundred Likewise, 
in the age period between 45 and 54 the standaid eiioi of the difference 
may he considered possibl) significant its difference being 2 times its 
standard ei roi , and the pi obabihty of it occui i mg by chance alone less 
than five in a hundred The sex differences in the mean velocity of 
radial pulse waves do not become significant until the 20 )ear age period 
(table 4) After 20 years, the differences are significant, i e, this 
diffeience is consistently gieatei than 2 5 times the standaid erior mean- 

29 Scammon, R , m klorris, H Human Anatomy, ed 8, Philadelphia, P 
Blakiston’s Son &. Co , 1925 
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mg that the diffei ences m the velocity of the pulse wave would not occui 
oftenei than once in a hundred times on the basis of chance alone 
When aortic velocities (table 8) for males between the age periods 
from 5 to 9 and fiom 10 to 14 aie compared, the difference is only 1 26 
times the standaid error, indicating that the age change in young males 
IS not significant The difference in aortic velocity between the 5 to 9 
and 10 to 14 yeai groups m females is likewise of no significance 
However, the diffeience m the velocity of the ladial pulse wave (table 
9) for males between the corresponding age periods is probably sig- 
nificant, the difference being 1 99 times the standard error, indicating 
that the difference would occur through chance alone only four and 
a half times out of a hundred chances For females the standard 


Tablf 10 — Compm ison of the Con elation of Diastolic Blood Ptcssuic JVtth 
Aoitic and Radial Velocities foi Both Sexes 
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eiioi of the diilerence between the same age period is 2 41 and therefore 
significant, because this difference would occur through the operation 
ot chance alone only one and a half times m a hundred chances 

When both sexes arc combined, the difference between the velocity 
of the radial and the aoitic pulse wave for successive age groups is 
significant throughout except in the peiiod from 20 to 25 years for aoitic 
velocity 

Table 5 shows the diastolic blood pressure progressively increasing 
with age foi males and females Diastolic pressure is consistently lower 
in females than m males of coi responding ages Significant variations 
between males and females appear m the age group from 15 to 19 years, 
m which the difference is 2 34 times the standard erroi In the age 
group between 25 and 35, the sex diffeience m diastolic pressuie is 2 04 
times the standard erroi and theiefore significant 

In Older to determine whethei any quantitative relationship exists 
between the velocity of the pulse wave and diastolic piessure, correlation 
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coefficients weie determined for ladial velocity and diastolic pressure 
and for aortic velocity and diastolic pressuie Since the correlation 
technic is based on the assumption of a rectilinear i elation between the 
two vaiiables, the velocities were plotted against diastolic pressuie by 
means of spot diagrams Their tiends appear to be approximately 
lectilineai , hence this technic is applicable to this material Table 10 
shows a comparison of the corielation of the diastolic pressuie with 
the aortic and ladial velocities of the combined sexes The correlation 
coefficients for all ages combined were 0 533 i 0 046 for aoitic velocity 
and 0 864 ±: 0 043 f oi radial velocity However, such correlations are 
of questionable value in view of the age inciease in velocities and 
diastolic blood pressure The factoi of age increase could account for 
the significant correlation found This explanation is supported by 
the obseivation that the correlations foi radial velocity and diastolic 
piessuie for the 5 and 10 yeai age periods aie much lower than the 
value of the corielation coefficient for all ages combined, and that only 
one of the six correlations foi groups after giowth is complete is sig- 
nificant To prove the reliability of the significance of these correla- 
tions, it would be necessary to treat the data by paitial correlation when 
age could be held constant The same factor of growth may account 
foi the sex difference in correlation found by Hafkesbnng and Ash- 
man Table 10 shows in the age i^eriod of from 20 to 24 a positive 
coil elation for radial velocity As mentioned before, of the hundred 
and thirteen persons in this group, appi oximately 80 pei cent were 
females We therefore probably have a slightly positive correlation in 
the radial velocity, particularly in the female gioup Hafkesbnng and 
Ashman derived from approximately ninety-six observations the coef- 
ficients of correlation between subclavicular-radial and carotid-radial 
velocities with diastolic pressuies In both instances they found 
significant correlations m females, with correlation coefficients of 
0 662 ± 0 056 and 0 529 ± 0 093, respective!} Significant coefficient 
coiielations were not tound m males Howevei, if one considers that 
the age spiead fiom which then corielation coefficients weie computed 
vaiied from 17 to 36 years, it appeals that the coirelations of these 
investigatoi s are spurious, as the age changes aie probably lesponsible 
foi the high correlation values Similarly, the high correlation of 
coefficients found by Sands in her series of eight cases must be dis- 
qualified on similar giound It seems, therefoie, that the coefficient 
of coirelations as computed in table 10 foi ladial velocities between 
20 to 24 years of age represents a moie accuiate value 

In figure 4 the effect of age on the mean velocity of the pulse wave 
is again graphically represented in the form of point to point cuives 


30 Hafkesbnng, R, and Ashman, R 
jects, Am J Physiol 100 89, 1932 


Pulse Wave Velocity in Ninety Sub- 
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Figures A and C demonstrate again the increasing radial and aortic 
velocity in females in the age period between 12 and 20 as compared 
to that m males The abrupt rise m aortic velocity at the age of 60 
for both sexes may be accounted for b}’’ the fact that only a few observa- 
tions were made on elderly females and that they all had high pulse 
wave velocities 

It IS interesting to compare the mean radial velocities, from table 4, 
with those obtained by Bramwell, Hill and McSwiney Their series 
comprised seventy-four observations on both males and females vary- 
ing in age from 4 to 84 years, and m pulse wave velocity from 4 7 to 
86 meters per second Fifty-three of their observations were made on 
persons below 25 years of age, while onl}^ twenty-one were made on 
older subjects In this study, a total of five hundred and fiftj -three 
observations was made on the velocities of the radial pulse wave alone 

It is ob\ions from table 11 that the figuies on the velocity ot the 
pulse wave are in excellent agreement, except after 45 years of age 


Tablf 11 — Comparison of the Mean Velocities of the Radial Pulse Wave 
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The mean velocities of Bramwell and his associates from 50 years 
upward are based on seven observations, while the mean values in my 
observations are based on approximately seventj-five 

Excluding the higher age group, the table shows the close agreement 
obtained by the use of tw'O different recording instruments, in one 
instance, the hot wire sphygmograph used by Bramwell, Hill and 
MeSwune)', and in the other, the segment capsule apparatus employed 
in this study 

CONCLUSIONS 

The essential factois which modify arterial elasticity m man ha^e 
been discussed and the literature review'ed The fundamental theoretical 
considerations fiom which it is possible to evaluate arterial elasticity in 
living man from the ^eloclty of the pulse w^ave have been briefly 
review^ed 

A method has been described by wdiich the transmission time of the 
pulse wave through the aortic iliac vessels can be determined 

Within the limitations of these data, the following conclusions are 
drawn 

1 There is a piogiessive increase of the velocities of the aortic 
and radial pulse weaves (arteiial rigidity) wuth age, from a value of 
4 1 meters pei second m midchildhood to 5 2 metei s per second at 22 
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yeais of age and to 10 5 ineteis per second at 65 years of age foi aortic 
velocity, and in the biachial-radial vessels in midchildhood from a value 
of 5 1 meters per second to 6 3 meteis per second at 22 years of age 
and to 9 6 meters pei second at 65 years of age 

2 The velocity of the ladial pulse wave in males is gi eater than 
that in females, except m the age period between 10 and 19 yeais Dur- 
ing this peiiod, the velocity of the female pulse wave slightly exceeds 
that of the male This is probably due to the fact that the physiologic 
age of females is greatei than that of males during this period of life 

3 The velocity of the aortic pulse wave in males exceeds the velocity 
of the aortic pulse wave in females, except in the age period between 
15 and 19 years Here again the velocity of the pulse wave in females 
exceeds that m males f oi the same i eason as was stated in the pi eceding 
paragraph The velocity of the aortic pulse wave in females exceeds 
that m males after the age of 45 This disci epancy is probably due to 
the fact that less than ten observations weie made on females for each 
ten year inteival aftei the age of 35 

4 The velocity of the radial pulse wave is consistently highei than 
that of the aortic pulse wave until the 65 year age peiiod is reached, 
indicating that the tiansmission time of the pulse wave is moie rapid 
thiough the medium-sized vessels than through the laiger arteries, such 
as the aorta and iliac vessels 

5 The dispersion of individual values for pulse wave velocities 
about the mean velocity of the aortic pulse wave as measured by the 
standard deviation is essentially the same from 5 to 40 yeais, after 
which It inci eases rapidly and significantly The dispersion of individual 
values about the mean radial velocity is essentiall}' the same from 5 to 
50 years, after which it increases lapidly and significantly Thus the 
increase in variability in radial velocity lags ten years behind that of 
the aortic velocity These findings suggest that the greater dispeision 
of values for pulse wave velocity is caused by pathologic changes m 
the blood vessels, occurring earlier in the aorta The effect of these 
changes is to increase the rigidity of the aoitic-iliac tubing 

6 The differences between the mean velocity of the aoitic pulse 
wave for successive age groups of the combined sexes are all significant, 
except for the age period between 20 and 25 years When the sexes 
aie considered separately, the mean difference between the 5 to 9 and 
the 10 to 14 year period is not significant in either sex Likewise, the 
difference in the mean pulse wave velocity is not significant between 
the age gioups of 15 to 19 and 20 to 24 m females 

7 When the diffeiences between the mean velocities of the ladial 
pulse wave for successive age groups foi the combined sexes aie con- 
sidered, they are all significant except fiom the age of 65 and over 
When the sexes are analyzed sepaiately, the differences between the 
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15 to 19 and 20 to 24 year age groups for females are on the border- 
line of being significant The diflferences in the mean velocity for suc- 
cessive ages are all significant in the male 

8 Sex differences as legaids the velocity of the radial pulse wave 
do not become significant until the second decade is reached However, 
when the aortic velocity is considered, sex changes become significant 
at 15 yeais of age In the age period between 35 and 44 years, the 
age change is on the bordei-hne of significance Theie is no significant 
diffeience in mean diastolic pressuie between males and females, except 
in the age periods from 15 to 19 and from 25 to 34 

9 The coi relation found in this study and that found by other 
woikers between the diastolic blood pressure and the velocities of the 
ladial and aortic pulse waves cannot be consideied valid until more 
extensive analyses are made with the age factor eliminated 

Di Edith Boyd, from the Institute of Child Welfare and Depart- 
ment of Anatomy, Universit}' of Minnesota, gav'e valuable assistance 
111 the preparation of the statistical work in this paper 



LATENT ACUTE RHEUMATIC CARDITIS AS 
DETERMINED AT AUTOPSY 


ITS OCCURRENCE 


FRANK HAWKING, MD 

NEW YORK 

In routine autopsies at the Presbyterian Hospital, it has been 
occasionally obseived that a patient dying of a nonrheumatic condition, 
and often with a histoiy of never having suftered from rheumatic infec- 
tion, nevertheless showed lesions in the heart indicative of this disease 
A search through the literature failed to disclose any desciiption of a 
series of such cases, although there were a few scattered references to 
this coincidence Geipel ^ recoided a case of contracted kidneys showing 
Aschoff bodies in the myocardium and an adheient pencaidium He 
also stated that Aschoff mentioned a case of Askanazy’s m which scanty 
Aschoff bodies occurred although other signs of rheumatic infection 
were absent Fraenkel - described three cases of verrucous endocarditis 
(in one of which the myocardium contained numerous Aschoff bodies) 
in which there was no history of iheumatic infection Pappenheimer 
and Von Glahn “ recorded two cases that had no histoiy of rheumatism 
in which Aschoff bodies were found m the myocardium Swift* men- 
tioned two cases in which myocardial weakness was the only clinical 
feature, and in which the only distinct lesions revealed nt autopsy ivere 
Aschoff bodies in the myocardium Von Glahn and Wilshusen 
described two cases of syphilitic aortitis which had no histoiy of rheu- 
matic fever m which Aschoff bodies were found in the myocaidium 
Libman mentioned two similar cases, one occurring with typhoid feiei 

Radchffe Traveling Fellow, University College, Oxford 

From the Department of Pathology, College of Physicians and Surgeons, 
Columbia University 

1 Geipel, P Untersuchungen uber rheumatische Myokarditis, Deutsches 
Arch f kill! Med 85 75, 1905 

2 Fraenkel, E Ueber Myocarditis Rheumatica, Beitr z path Anat u z 
allg Path 52 597, 1912 

3 Von Glahn, W C, and Pappenheimer, A M Specific Lesions of Periph- 
eral Blood Vessels in Rheumatism, Am J Path 2 235, 1926 

497 "l92‘r*^*' ^ ^ Pathogenesis of Rheumatic Fever, J Exper Med 39 

5 Von Glahn, W C, and Wilshusen, H F Syphilitic Aortitis and Acute 
Rheumatic Myocarditis , Report of Two Cases, Proc New York Path Soc 24 
71, 1924 
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and the othei with peritonitis following perforation of a duodenal ulcer 
Rhoads,** in a case of ulcerative endocarditis due to the meningococcus, 
found “a few areas which show necrotic bundles of collagen fibers sur- 
lounded by endothelial leukocytes, strongly suggesting Aschoff bodies ” 
Clawson," in eight of fifty cases of syphilitic aortitis, found in the myo- 
cardium about the aortic iing “nodular prolifeiatne areas comparable 
to Aschoff bodies ” 

It was decided to make a moie detailed study of cases of lesions of 
iheumatic carditis that had no clinical histoiy of this condition, to 
deteimme how frequently they occuired and what explanation could be 
offeied The autopsy records of the Piesbyterian Hospital for the last 
five years were examined In many cases the original sections were 
sufficient to demonstrate the rheumatic nature of the lesions m question, 
but when this was doubtful, additional blocks were cut from the pre- 
ser\ed specimens (making a total of five or six blocks foi each heait) 
The sections wcie stained with hematoxylin and eosin 

During the last five 3''eais ninet3^-six autopsies at this hospital were 
considered to show rheumatic lesions of the heart In seventeen of 
these cases, death was due to some apparently unrelated cause and there 
was no lecogni/able clinical indication of an actue rheumatic lesion 
Cases of subacute bacterial endocarditis or frank initial stenosis were 
not included in this consideration These cases are divided into two 
gioups those showing Aschoff bodies m the mvocardium, and those in 
which the evidence was domed mainly from the valvulai lesions Details 
concerning them aie summari/ed m the accompanying table, and two 
illustrative cases arc dcsciibed 

RIZPORT or CASES 

Case 1 — Htstoiy — A. Filipino, aged 30, had gonorrhea in 1918 On Jan 6, 
1929, he liad pain in the lower dorsal part of the spine, and fe\er His Wasser- 
niann reaction was 3 plus, and he receued antisjphihtic treatment His condition 
became w'orse and he w’as admitted to the hospital on April 6 w'lth neoplasm of 
the left kidnej’’ Tonsillitis developed The heart was normal Fe\er continued, 
and he died on 16 

Antopsv — The left kidney w'as replaced by neoplasm (tubular adenocarcinoma) 
There w'ere metastases in the left suprarenal gland, right kidnev. In er, lungs, Ivmph 
nodes (abdominal and thoracic) and vertebrae The heart weighed 260 Gm The 
mitral leaflets were somewdiat thickened with numerous small, vellow'ish \egetations 
near the margin The aortic valves were slightly thickened 

Histologic Examination — The nwocardium contained a number of Aschoff 
bodies The endocardium of the right ventricle near the pulmonic vahe was 
thickened with loose granulation tissue containing Ivmphocytes, plasma cells and 
Aschoff cells The mitral valve was thickened bj fibrous tissue containing masses 

6 Rhoads, C P Vegetatne Endocarditis Due to the klenmgococcus. Am 
J Path 3 623, 1927 

7 Clawson, B J Aschoff Nodule, Arch Path 8 664 (Oct ) 1929 
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Clinical Symptoms 


Autopsy 

Number 

Age 

Sex 

10,217 

30 

M 

10,o41 

40 

M 

10,343 

34 

1 

10, CIS 

j5 

M 

11,005 

37 

F 

11,041 

21 

M 

11,202 

31 

M 

11,22S 

2S 

M : 

11,252 

16 

F 

11,375 

32 

M 

10,234 

Cases of R1 

30 F 

10,257 

33 

V 

10,283 

48 

M 

10,348 

33 

M 

10,033 

42 

r 

11,067 

63 

M 

11,184 

40 

M 


Previous 
History Clinical 
oi Condi 
Rheumatic tion 
Pever of Heart 


Evidence of *ictive 
Rheumatic Carditis 


Pever of Heart Autopsj Diagnosis Rheumatic onroiti 

Cases Showing Aschoff Bodies in the Myocardium 

0 Normal Tubular adenocarcinoma Aschoff bodies in myo 

of Eidney with metas cardium, endocarditis in 
tases, Wassermann right ventricle, thickening 

reaction + and vegetations of 

mitral leaflets 


Normal 


carditis 

(tuber 

culoiis) 


Normal 


Chronic pulmonary tu Aschoff bodies and sear 
berculosis, disseminated ring in myocardium, snort 
acute miliary tuberculosis ening and thickening of 
mitral leaflets with 
verrucae 


P 0 Normal 


M 0 Normal 


M 0 Normal 


M 3 years ago Normal 


M 0 Normal 


Tuberculosis of tracheo Scanty Aschoff bodies in 

bronchial lymph nodes , myocardium 

pericardium and fallo 

plan tubes, dissemi 

nated acute miliary 

tuberculosis, Wassermann 

reaction + 

Chronic pulmonary tu Scanty Aschofl bodies 
berculosis, disseminated m myocardium 
acute miharv tuberculosis 

Pulmonary tuberculosis, Numerous Aschoff bodies 
disseminated acute in myocardium, cndocar 

miliary tuberculosis ditls in left v entrielc 

Acute otitis media with Aschoff bodies in myo 
mastoiditis and suppura cardium, mitral stenosis 
tive leptomeningitis with verrucae 

(pneumococcus, typo III) 

Chronic glomerular ne Aschoff bodies in mj o 
phntis with edema and cardium, thickening of 
retinitis, tonsiilitis mitral leaflets with celluh 

(ibtaph aureus, Strep infiltration and t errucae 
haemolyticus) 

Carcinoma of rectum Scanty Aschoff bodies in 
with metastases, pelvic myocardium, thickening 
abscess, bacteremia and verrucae of mitral 

(gram negative bacillus) leaflets and aortic cusps 

Abortion, icute endome Scanty Aschoff bodies In 
tritis and peritonitis myocardium 

Carcinoma of esophagus. Scanty Aschoff bodies in 
acute tracheitis, myocardium 

arteriosclerosis 


Scanty Aschofl bodies 
m myocardium 

Numerous Aschoff bodies 
in myocardium, cndocar 
ditls in left v entrielc 

Aschoff bodies in myo 
cardium, mitral stenosis 
with verrucae 

Aschoff bodies in mjo 
cardium, thickening of 
mitral leaflets pith cellulai 
infiltration and v errucae 

Scanty Aschoff bodies in 
myocardium, thickening 
and verrucae of mitral 
leaflets and aortic cusps 

Scanty Aschoff bodies in 
myocardium 


Cases of Rheum itic I'ndocarditis in Which Aschoff Bodies Were Not Pound 


Normal 


Normal 


Normal 


Normal 


Normal 


Normal 


Normal 


Bilateral nephrolithiasis 
with hydronephrosis and 
suppurative pyclonephri 
tis, pulmonary tubercu 
losis, arteriosclerosis 
bacteremia (gram 
negative bacillus) 

Lobar pneumonia 
(pneumococcus type I) 

Ulcers of esophagus and 
duodenum, broncho 
pneumonia 

Bronchial asthma, rup 
ture of pleura, 
bilateral pneumothorav. 

Acute suppurative peri 
tonitis (Strep hemoly 
ticus) following 
cholccystotomy, acute 
suppurative pleurisy 

Carcinoma of stomach, 
combined sclerosis of 
spinal cord, artoriosclc 
rosis, acute prostatitis 

Carcinoma of cecum 
(excised), peritonitis, 
lobular pneumonia 


Active endocarditis of 
mitral leaflets with 
verrucae 


Active endocarditis of 
mitral leaflets with 
verrucae 

Active endocarditis of 
mitral leaflets with 
verruene 

Active endocarditis of 
mitral leaflets with 
verrucae 

Mitral valvulitis with 
v'crrueae, swollen collagen 
fibers and collections of 
large mononuclear colls 
in myocardium 

Acute endocarditis of 
mitral leaflets w ith 
verrucae 

Active endocarditis of 
mitral leaflets with 
verruene 
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of small round cells and Aschoff cells , the vegetations consisted of fibrinoid mate- 
rial, invaded at the base by fibroblasts No bacteria were seen m the vegetations 

Case 2 — Histoiy — A cholecystotomy was performed on a woman, aged 42, 
on Feb 28, 1932 She began to have a fever on March 28 Her heart seemed 
normal Empjema was discovered and drained on April 3 The pus contained 
streptococci She died on April 4 

Autopsy —There was acute suppurative pleurisy with atelectasis of the right 
lung Acute suppurative peritonitis of the subphrenic region due to Streptococcus 
haemolvticus was found There were bilateral hydrosalpinx and chocolate cysts on 
the ovaries The heart weighed 320 Gm The mitral valve showed nodular \egeta- 
tions 0 5 mm across at the line of closure 

Histologic E\aimmtioii — In the myocardium were a few swollen collagen 
fibers around the small arteries and a few' large mononuclear cells In some places 
the lesions closely resembled Aschoff bodies, but they w'ere not quite tj'pical The 
nodules of the mitral valve consisted of structureless eosinophilic material, the 
neighboring portion of the vaUe was thickly infiltrated by large, irregular, 
elongated cells with basophilic c\toplasm and large vesicular nuclei No bacteria 
were present 

COMMENT 

From the table it is seen that theie were ten patients tvith Aschoff 
bodies in the myocarcluim and seven patients with lesions of the mitral 
vahe, histologically identical with rheumatic fever 

It is now generally agreed that the Aschoff body is a lesion specific 
for rheumatic fe\cr (Swift,' Sacks,® Coombs® and manj others) 
Clawson ' is the only recent w'orker w'ho has attacked this conception 
It is fair to assume that in at least ten of these cases an active rheumatic 
infection w'as present at the tune of death , most probably this w'as also 
the case in the other sc^en During the period under review there 
were 1,380 autopsies at this hospital, so that these seventeen cases 
represent approximately 1 2 per cent of the total series Most of the 
patients w'ere betw'een the ages of 20 and 50, particularly betw'een 30 
and 40 

The association of active rheumatic lesions w'lth the other conditions 
described ma}', or may not, be accidental There is the theoretical pos- 
sibility that othei infections ma} activate a latent rheumatism On the 
other hand the association may be purely fortuitous 

Analysis of the material offers little e^ idence for the possibility that 
certain other infections exeit an activating influence In the gioup of 
ten patients w'lth rheumatic myocarditis, four died of miliary tuber- 
culosis, five had acute nontuherculous infections of various kinds, three 
died of neoplasm, two gave a positive Wasseimann reaction, but showed 
no anatomic evidence of syphilis, and one died of chronic nephritis 

8 Sacks, B The Patholog\ of Rheumatic Fever, A Critical Rewew', Am 
Heart J 1 750, 1926 

9 Coombs, Carey F Rheumatic Heart Disease, New' York, William Wood 
& Companv, 1924 
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One patient was recorded as having hemolytic streptococci in the throat 
In the group of seven patients showing only valvular lesions, one had 
pulmonary tuberculosis , six had acute nontuberculous infections , two 
died of neoplasm, and thiee had miscellaneous conditions, including 
nephrolithiasis, ulcers of the esophagus and duodenum and bronchial 
asthma 

It would seem that these conditions weie too vaiied to have an> 
logical lelationship with the iheumatic lesions of the heait A large 
number of the patients suffered fioin miscellaneous infections, espe- 
cially lobular pneumonia, but many were terminal conditions that 
occurred with equal frequency in persons who showed no postmortem 
evidence of rheumatic fever The only possible exception to this con- 
clusion IS presented by the occurrence of miliaiy tubeiculosis in foui 
of the ten patients with rheumatic m 3 mcarditis A search through the 
records of 1,380 necropsies revealed forty-foui cases of miliaiy tubei- 
culosis (3 2 per cent), and of the ninety-six cases of rheumatic fever 
four were associated with miliarj^ tuberculosis (4 2 per cent) Con- 
versely, during this period the rheumatic cases comprised 7 7 per cent 
of the total number of autopsies, and of the forty-four patients with 
miliary tuberculosis four (9 per cent) showed iheumatic myocarditis 
Consequently, it would seem that the combination of these two condi- 
tions does not occur more commonly than might be expected from the 
frequency of either condition separately In any case, the number of 
combined cases is too small to furnish any reliable conclusion In this 
connection it may be remembered that various investigatois. especially 
Reitter and Lowenstem in recent j^ears, claimed to have found tubercle 
bacilli in the blood of a large peicentage of patients with iheumatic 
fever But the technical methods employed by these workeis were so 
destructively criticized by Wilson “ that such evidence foi a specific 
association must be regarded with caution 

The second possible explanation is that these patients died during 
the occuirence of a rheumatic carditis not sufficient!} intense to gne 
use to clinical signs recognizable in the face of the symptoms of the 
main disease It is well known that such a concealed carditis has taken 
place in persons in whom mitral stenosis developed without any clinical 
history of iheumatic fevei The proportion of the cases described to the 
total number of autopsies during this period (12 per cent) is not unduly 
high foi a city in which rheumatic fever is as common as it is lii 
New York 

10 Renter, C , and Lowenstem, E Ueber den pathogenetischen Zusammen- 
hang des akuten Gelenksrheumatismus mit der Tuberkelbazillamie, Wien klin 
Wchnschr 45 293, 1932 

11 Wilson, G S Tuberculous Bacillaemia, Medical Research Council Sner 
Rep Ser 182, 1933 
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SUMMARY 

A senes of cases is described in which evidence of iheumatic m} 0 - 
caidilis or endocaiditis was discovered at autopsy, although the presence 
of an active iheumatic infection had not been recognizable during life 
No con elation could be established between the rheumatic disease and 
any one of the various pathologic conditions found It is therefore con- 
cluded that the association is accidental It appears that in addition to 
those whose condition is diagnosed clinically as rheumatic fe\er, 12 
pel cent of the other patients dying at the Piesbyteiian Hospital also 
have actne iheumatic disease 



EFFECTS OF VACCINES AND BACTERIAL AND 
PARASITIC INFECTIONS ON EOSINOPHILIA 
IN TRICHINOUS ANIMALS 

WESLEY W SPINK, MD 

BOSTON 

Little IS known concerning the function of the eosinophil white blood 
cell Its origin and life cycle aie still a mattei of controversy In 
man, the eosinophil normally constitutes from 1 to 4 per cent of the 
circulating leukocytes, and an increase is of diagnostic value in several 
diseases However, it is well known that normal guinea-pigs may have 
as many as 30 per cent eosinophils Brown ^ first recognized the 
diagnostic importance of eosinophiha in trichinosis He recognized, 
however, that m severe infections the cii dilating eosinophils may be 
either absent or few 

Opie ^ produced m noi mal guinea-pigs with marked eosinophiha, 
infections with Bacillus tubeiculosis. Bacillus pyocyaneus, Bacillu<5 
mucosus-capsulatus and Streptococcus pyogenes During the course of 
the infection, the eosinophils disappeaied not only from the blood but 
from the tissues Coincident with their disappearance from the blood, 
there was an accumulation of eosinophils near the site of inoculation 
Canon ® obser-ved a diminution of eosinophils in septic processes Zap- 
peif* found the number of these cells reduced m pneumonia, typhoid 
fever and erysipelas Similar clinical findings were reported by Turk,"’ 
Staubli ® and Nageli 

Since eosinophiha is of diagnostic value in trichinosis, the question 
arises whether secondary infections may reduce the number of these 
cells to such an extent as to make the diagnosis uncertain The studies 
reported m this paper weie undertaken to deteimine (1) the number 

This work was made possible by a grant from the William W Wellington 
Memorial Research Fund of Harvard Medical School 

From the Department of Comparative Pathology, Harvard Medical School, 
Second and Fourth Medical Services (Harvard) and the Thorndike Memorial 
Laboratory, Boston City Hospital 

1 Brown, T R Bull Johns Hopkins Hosp 8 79, 1897 

2 Opie, EL Am J M Sc 127 988, 1904 

3 Canon, P Deutsche med Wchnschr 18 206, 1892 

4 Zappert, J Ztschr f klin Med 23 227, 1893 

5 Turk, W Klinische Untersuchungen uber das Verhalten des Blutes bei 
acuten Infectionskrankheiten, Vienna, W Braumuller, 1898 

6 Staubh, C Trichinosis, Wiesbaden, J F Bergmann, 1909 

7 Nageh, O Blutkrankheiten und Blutdiagnostik, Berlin, W de Gruvfpr 
& Company, 1919 
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of eosinophil cells in the circulating blood and organs of trichinous 
guinea-pigs inoculated with bacteria, othei parasites and vaccines, and 
(2) the relation of the number of eosinophils to the modes of encyst- 
ment of Tnchmella 

METHODS 

Guinea-pigs obtained from one source and approxiinatelj 3 months old were 
used throughout this study These animals are readily infected with Tnchmella 
spiralis, after which their blood picture becomes similar to that of trichinosis 
in man, with the exception of the peculiar and little understood inclusions (Kur- 
loff bodies) m the cytoplasm of some of the mononuclear cells 

An increase m the circulating eosinophils was induced by feeding Tnchmella 
spiralis by two methods In earlier experiments, guinea-pigs were starved for 
twenty-four hours and then forcibly fed with heavily infected, trichinous guinea-pig 
meat It was sometimes difficult to find encysted larvae in the muscles of guinea- 
pigs infected in this manner A more effective method used m later studies was 
to give an enormous number of freed living larvae by means of a pipet inserted 
into the esophagus Tlie larvae were freed from infected meat bj the method 
described b}’ Augustine and Theilcr ® 

Stained paraffin sections of muscles (masseter and diaphragm), lungs, liver, 
spleen, bone marrow and limph nodes were made from animals killed during the 
course of the experiments The number and appearance of the eosinophils were 
carefully noted in all the sections, and the muscles were examined for encysted 
parasites to determine any variation from their normal histologic aspect The 
sections were stained with eosin-methylene blue, but as an aid in the studies of 
the muscles, the following stains were also employed Mallorj’s phosphotungstic 
acid hcmatox}hn, Mallorj’s aniline blue stain and the latter with acid fuchsin 
omitted 

The following micro-organisms and vaccines were employed the Saranac 
H-37 strain of tubercle bacilli, a fresh culture of Staphylococcus aureus, a 
strain of Trypanosoma equiperdum maintained m guinea-pigs and a triple 
vaccine containing typhoid and paratyphoid A and B bacilli 

As a basis for later study and comparison, the pathologic process of the 
muscle invaded by Tnchmella is briefly described The immediate effect on the 
muscle fiber in which the larvae has established itself is more or less degeneration 
Within the muscle fiber the worm grows rapidly', it becomes coiled and then 
encysted In the latter process, a capsule consisting of collagen fibrils laid down 
by the stimulated connective tissue graduallv thickens and contracts into a hyaline 
laver, and then may become calcified In the early stages of encystment, at each 
pole of the cyst there is an infiltration of Icukocvtes, including eosinophils 
Through the entire muscle there is a diffuse cellular infiltration, and occasional 
eosinophils are found There is evidence of muscular regeneration 

EXPCRIMENTAT. WORK 

Experiment 1 — Tnbcicic Bacilli — {A) A subcutaneous injection of 0 0005 
Gm of the H-37 culture of tubercle bacilli suspended in sterile saline solution 
was made into the right inguinal region of four guiiica-pigs Fifteen davs later, 
trichinous meat was fed to three of these animals and to one normal guinea-pig 
The remaining animal served as a tuberculous control Charts 1 and 2 show' the 


8 Augustine, D L , and Theiler, H Parasitology 2i 60, 1932 




Chart 1— The course of the white blood cells in an animal infected with 
Tnchmella spiralis curve for the total white blood cell count, B, curve for 
the polymorphonuclear neutrophil leukocytes , C, curve for the lymphocytes , D, 
curve for the eosinophil leukocytes 



Chart 2 — The course of the white blood cells in an animal infected with B 
tuberculosis and subsequently with Tnchmella spiralis A, curve for the total 
white blood cell count , B, curve for the polymorphonuclear neutrophil leukocytes , 
C, curve for the lymphocytes, D, curve for the eosinophil leukocytes 
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course of the leukocytes in the tnchinous animal and in one of the tuberculous- 
tnchinous guinea-pigs These charts show the typical results obtained in the 
other animals of this experiment 

In the normal tnchinous pigs in this and succeeding experiments there 
developed an absolute increase of eosinophils, a slight decrease in polymorpho- 
nuclear leukocytes and an absolute increase in lymphocytes In the tuberculous- 
trichinous pigs, there were few or no eosinophils (not more than 1 5 per cent) 
and the polymorphonuclear-lymphocyte ratio was in favor of the former cell, 
with a slight increase in the lymphocyte level as the infections progressed There 
were inconstant changes in the monocjtes, and the total leukoc\te curve in all 
the animals in this experiment was variable 

The postmortem examination of animals with trichinosis alone showed an 
active bone marrow with many eosinophil myelocytes and leukocjtes There 
were large numbers of eosinophil Icukocjtes in the spleen and lungs, and in the 
cellular infiltration around the encysted parasites m the muscle The bone marrow 
of the tuberculous-trichmous animals contained about the same number of eosinophil 
cells, but there were fewer eosinophil myelocytes and an increase of the mature 
type 

(B) In the preceding experiment, the animals were infected with tubercle 
bacilli before being fed with tnchinous meat For comparison, four guinea-pigs 
W'ere fed with tnchinous meat, and after the establishment of an eosinophilia 
the\ W'ere inoculated w’lth the same quantit\ of the H-37 strain as that used in 
experiment (A) 

Chart 3 records the course taken b> the white blood cells in one of the 
animals, w'hich is characteristic of that in the other three On the tw'entieth 
da^ after the feeding of tnchinous meat, the eosinophils were 8 per cent Tuber- 
culosis was then superimposed on trichinosis, and the cells declined to 0 5 per 
cent during a period of seventeen da\s There was an absolute increase in the 
pol>morphonuclear leukocvtes, w'lth at first a decrease and later an increase in 
the Ijmphocjtes The total leukocjte count was not constant 

Postmortem examination revealed no differences m appearance of either 
muscle or parasites in the tuberculous-trichmous guinea-pigs as compared with 
tnchinous guinea-pigs However, the bone marrow, spleen and lungs of the 
former group had fewer eosinophils There were none in the Ijmph nodes 
examined The essential difference between the results of this experiment and 
the preceding one is that animals in which the tubercle bacillus was injected 
before trichinosis developed showed more eosinophils in the bone marrow, spleen 
and lungs than when the procedure was reversed 

Expfriment 2 — Killed Tubercle Bacilli — ^The preceding experiments were 
repeated, using killed instead of living tubercle bacilli The material injected 
consisted of a suspension of 0001 Gm of the culture sterilized in an autoclav'e, 
in 1 cc of saline solution 

The killed tubercle bacilli caused no decrease in the number of eosinophils, 
no appreciable changes in the total leiikocjte counts and no v'ariation in the 
histologic appearance of stained sections whether the injections were made before 
or after the establishment of trichinosis in guinea-pigs 

Experiment 3 — Staphylococcus Aineus — (A) Tnchinous meat was fed to 
four guinea-pigs to induce an eosinophilia On the tvventv -first dav', when the 
eosinophil cells had risen to a high lev'el, a fresh culture of Staph aureus sus- 
pended in saline solution w'as injected into the subcutaneous abdominal tissue of 
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tliree of the animals The fourth animal was left as a tnchinous control, while 
a fifth served as an uninfected control Within twenty- four hours, there were 
redness and swelling' at the site of the injection, with marked reduction in the 
number of circulating eosinophils Two days later, there appeared an area of 
necrosis about 2 cm in diameter, and the number of eosinophils continued to 
decline Five days after the injection the lesions were healing, and the number of 
eosinophils had increased At this time, a second inoculation of the organisms 
was made adjacent to the initial lesion The tissue response was the same as 
in the first instance, and again the eosinophil level was reduced As the lesions 
healed, the eosinophil count rose, and in tuo or three weeks it reached the level 



Chart 3— The course of the white blood cells in an animal infected with 
Trichinella spiralis and subsequentlj with B tuberculosis A, curve for the 
total white blood cell count , B, curve for polymorphonuclear neutrophil leukocytes , 
C, curve for lymphocytes, D, curve for eosinophil leukocytes 

existing before the first injection of the staphylococci Chart 4 illustrates the 
course of the white blood cells in one of the three animals which was typical of 
the group 

A normal animal, free from any known infection, was given two similar 
injections of Staph aureus After the first injection, there was a slight leuko- 
penia, with a decrease in polymorphonuclear leukocytes and an increase in 
lymphocytes After the second injection, however, there was definite leuko- 
cytosis, with a rise in the polymorphonuclear leukocytes and a decrease in 
Ivmphocytes 
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(B) Effect of Heat Certain of the animals used in this experiment were 
later employed to determine the effect on the eosinophil level following a rise m 
body temperature The animals used included two of the guinea-pigs which had 
staphylococcic infections superimposed on trichinosis, the one with staphylococcic 
infection alone, and, as a control, another with no known infection The animals 
were put into one cage and an electric heater was placed so that heat rays were 
directed on them A thermometer hanging from the middle of the cage regis- 
tered from 34 to 60 C for twenty hours the period of observation Rectal 
temperatures and total and differential leukocyte counts were made just before 
heating, and four hours and t\\ent\ hours later The rise in temperature m the 
animals varied from 1 5 to 3 C Chart 4 records the effect of heat on the course 



Chart 4 — The course of the nhitc blood cells in a tnchinous animal inoculated 
with Staph aureus, and on the fort\ -eighth daj of the tnchinous infection sub- 
jected to a high degree of heat A, curve for the total white blood cell count, 
B, curve for the polymorphonuclear neutrophil leukoc\tcs, C, cur\e for the 
lymphocytes, D, curve for the eosinophil leukocytes 

of the leukocytes in one animal, in addition to its prcMOus reaction to Stapln- 
lococcus In four hours there was an increase in the eosinophils and a rise in 
the polymorphonuclear leukocytes Obscr\ations at the end of forty^-eight hours 
show'ed marked leukoc\tosis and a rise in the eosinophils It is of interest that 
the animals wuth the combined trichinous-stapln lococcic infection responded fo 
the heat wuth an increase in the poh morphonuclear leukocydes and eosinophils, 
whereas the normal guinea-pig responded with a hmphoc^tosis In the guinea- 
pig with the staphylococcic infection onh, there w'as a rise m the polymorpho- 
nuclear leukocytes 
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Perhaps of some importance are the changes in the blood m one of the 
guinea-pigs which were given Staph aureus During the course of the trichinous 
infection (twenty-one days), the eosinophils failed to rise above 1 per cent 
Shortly after the pyogenic infection was established, a peritonitis set in, and 
while the animal was m a moribund condition, large numbers of eosinophil cells 
made their appearance in the circulation and increased until death 

The histopathologic process in the organs of the trichinous animals was 
essentially the same as in the animals infected with both Trichinella and Staphy- 
lococcus An animal which had had a trichinous infection and two staphylococcic 
abscesses and then been subjected to a high degree of heat (chart 4) showed 
one significant feature In several sections of skeletal muscle, a septum of fibrous 
tissue between the muscle fibers was packed with eosinophils This connective 
tissue was newly formed, as many mitotic fibroblasts were seen The eosinophils 
were bilobular and elongated, as though all were moving in one direction Nearby 
vessels in the tissue were dilated and showed perivascular cellular infiltration 
The uninfected control which did not receive Trichinella, Staphylococcus or 
heat treatment possessed a high eosinophil count throughout the experiment Sec- 
tions of one of the lymph nodes presented the picture of mature eosinophil cells 
streaming along through the connective tissue septums There was otherwise 
no evidence of an inflammatory process present m the tissue 

Experiment 4 — Typhoid Vaccine — A stock preparation from the Massachu- 
setts Antitoxin and Vaccine Laboratory containing 2,500,000,000 bacilli in 1 cc 
of killed typhoid and paratyphoid A and B bacilli was used in this experiment 
to determine the effect of a foreign protein reaction on the blood picture and 
the larvae 

Little information is available in the literature as to the effects of typhoid 
vaccine on guinea-pigs The same dose as used for man was used at first i e , 
0 5 cc the first week and 1 cc the second and third weeks Trichinous guinea- 
pig meat was fed to four animals, and simultaneous!}' the first injection of vac- 
cine was given in the subcutaneous abdominal tissue of each guinea-pig The 
initial dose of 0 5 cc produced no change in the leukocyte counts, nor did the 
animals suffer any obvious ill effects The dose was tripled, and 1 5 cc was 
injected one week later Two of the four animals had a leukocytosis in the 
first twenty-four hours, and three showed a rise of the polymorphonuclear leuko- 
cytes, with a decrease of the lymphocvtes and eosinophils At the end of forty- 
eight hours, the eosinophils began to rise slowly, and the relationship between the 
polymorphonuclear cells and lymphocytes approximated that existing before 
injection One week after the second injection, 3 cc was injected into the ani- 
mals with approximately the same results 

Larger quantities of vaccine were given to another animal at different inter- 
vals Trichinous guinea-pig meat was fed, and ten days later an initial injection 
of 2 cc was made It is at this time in trichinosis that larvae are being carried 
in the blood stream to the muscles Within twenty-four hours following the 
injection, there was a leukocytosis with a rise m the polj morphonuclear leuko- 
cytes and a decrease in lymphocytes, and the number of eosinophils dropped from 
9 to 0 5 per cent Five days after the first injection, 4 cc of vaccine was given, 
resulting in a leukocytosis, but there was no change in the polymorphonuclear- 
lymphocyte ratio, which had returned to normal fortv-eight hours after the first 
injection The eosinophil level remained the same as after the first injection 
After SIX days, or on the twenty-first day of the trichinous infection, a third 
injection of 4 cc was made The total white cell count showed a marked eleva- 
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tion of the polymorphonuclear neutrophil leukocytes and a decrease in lymphocytes 
Tlie eosinophils, which were 4 per cent before this injection, declined to zero in 
twenty-four hours, but rose to 7 per cent in four days, when a final dose of 4 cc 
was given with the same results, except that the eosinophils did not decline 

Normal animals which were given three injections of vaccine at intervals of 
a week, the dosage being 0 5 cc , 15 cc and 3 cc , respectively, showed a rise of 
the eosinophil level onlv following the third injection 

Microscopic examination of sections revealed onlv a light infestation of the 
muscles with Trichinella, making it impossible to arrive at any definite conclu- 
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Chart 5 — The course of the white blood cells in a trichinous animal inoculated 
with tjphoid vaccine A, curve for the total vvliite blood cell count, B, curv'e 
for the polv morphonuclear neutrophil Icukocjtcs, C, curve for the Ijmphocvtes, 
D, curve for the eosinophil leukocvtcs 

sions as to the effect of the vaccine For this reason the studies were repeated 
on another group of animals 

To insure a heavv infection enormous numbers of freed living larvae were 
fed to four animals by means of a pipet On the same day an initial injection of 
0 5 cc of vaccine was administered Subsequent injections of 15 cc , 3 cc , 4 cc 
and 4 cc were given after intervals of six, seven, three and six days, respectively 
Chart 5 illustrates the course of the leukoevte counts in one of the animals 
tjpical of the group It may be noted that there is a slight leukocytosis follow 
ing each injection of typhoid vaccine, with a temporary diminution m the 
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eosinophils followed by an increase There was an immediate rise in the poly- 
morphonuclear leukocytes after each injection, while the lymphocytes tended to 
maintain a constant level throughout 

It IS of interest that the tnehmous controls lost weight, whereas all but one 
of the animals receiving typhoid vaccine gained in weight Also, during the 
height of the disease (twentieth day) the tnehmous controls were very irritable, 
and cried out when pressure was applied to the muscles Those treated with 
vaccine showed no distress on being handled D L Augustine ' recently 
carried out a number of experiments to determine the therapeutic value of typhoid 
vaccine in tnehmous guinea-pigs His results would seem to indicate that the 
vaccine had no effect on the course of the infection 

The muscles of all the animals in the last group were found to be heavily 
infected The muscles of the normal tnehmous animals and those which were 
gn^eii small doses of vaccine showed more muscular degeneration, cellular infil- 
tration and edema than those which had large doses of vaccine, as shown in 
chart 5 There was no difference noted in the appearance or number of eosinophils 
m the organs of tnehmous animals which had vaccine and those which did not 
It is realized that this is too small a senes from which to draw any definite 
conclusions 

Experiment S — Tiypanosoma Equtpciduvi — Citrated blood containing living 
Trj'panosoma equiperdum was injected mtrapentoneally into four animals, and 
later a tnehmous infection was produced bv feeding them freed living larvae In 
another group of four animals, the procedure was reversed, with the trichinosis 
preceding the trj^panosomiasis Trypanosomes alone were given to two animals 
which served as controls 

In the controls, given trypanosomes alone, the total leukocyte count decreased 
during the first five days after infection, and then showed an elevation, but it 
did not return to the initial level There was a decline in the polymorphonuclear 
neutrophils and eosinophils, while the lymphocytes consisting mostly of young 
forms increased 

Animals which were first infected with Trypanosoma and then fed TrichineHa 
failed to show any rise m eosinophils At first there was a leukopenia, but follow- 
ing the feeding of Tnchmella there was a slight rise in the total white blood 
count Tnehmous guinea-pigs with an eosmophiha showed after the injection 
of trjpanosomes a decline in the eosinophil cells and a leukopenia, but no essen- 
tial change m the neutrophilic polymorphonuclear-lymphocyte ratio 

One control died as a result of a ruptured spleen All the organs were markedly 
blanched The bone marrow showed many mitotic figures, but only rare eosino- 
phils No eosinophils were found m the spleen or liver, but many were present 
m the alveolar capillaries and bronchi of the lungs 

The muscles of all the animals with the combined trypanosomiasis and trichinosis 
were heavily infested with Tnchmella There was a tendency toward less muscular 
destruction, cellular infiltration and edema than in the animals infected with 
Tnchmella only The bone marrow, spleen, liver and muscles showed the same 
appearance and number of eosinophil cells as in normal tnehmous controls, but 
there were fewer eosinophils in the lungs 


9 Augustine, D L Personal communication to the author 
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COMMENT 

These observations confirm the expenmental work of Opie - and 
Josey and Lawience,^® and the clinical observations of other physicians, 
that acute infections cause a diminution in the number of the eosinophilic 
leukocytes in the peiipheral blood Previous investigations were made 
on normal guinea-pigs In this study, an induced eosmophilia with a 
parasitic infection (Tnchmella spiralis) responded similarly to secondary 
infection Josey and Lawrence reported that both living and killed 
Bacillus coll injected into normal guinea-pigs caused a i eduction in 
eosinophils In this studj', it was found that when virulent tubercle 
bacilli were injected into guinea-pigs the lesult was a diminution of the 
number of eosinophils, but that killed tubeicle bacilli ten times the 
dose of the Mrulent organisms exerted no influence on the eosinophil 
le\el in normal and parasite-infested animals With repeated injections 
of typhoid vaccine, there was not a i eduction in the eosinophils, but the 
percentage steadily increased This is probably due to the fact that the 
animals were sensitized to the protein injected Biggart observed a 
similar response with repeated injections of protein solutions containing 
peptone, egg albumin, casein and horse serum 

A histologic examination of the tissues of trichinous animals, and 
those with tiichinosis plus a sccondar\f infection, revealed eosinophil 
cells included in the cellular infiltration aiound the parasites in the 
muscle fibers Howeier, this obser\ation \\as not constant This may 
have led Opie’- to state that in this lespect trichinosis of guinea-pigs 
differs from that of the human subject, as he was unable to find eosino- 
phil cells around degenerate muscle fibers at an} stage m the disease 

Animals with tuberculosis or trypanosomiasis superimposed on a 
trichinous infection had not only a diminution m the number of eosino- 
jjhil cells in the penpheial blood, but .ilso less evidence of muscular 
destruction, edema ot the muscle fibers and cellular infiltration around 
the encysted parasites than animals with trichinosis alone An explana- 
tion of the foregoing obscivation inaA possibly be based on immunologic 
pimcijffes The cellulai mfiltiation, edema of muscle fibers and degen- 
eration illustrate the animal’s resistance to the invading parasites 
I have obseived with Augustine that if tiichinous animals are given 
a second infection with Tnchmella sjnralis, the cellulai mfiltiation 
around the young parasites is inci eased considerably Man} of the 
laivae are outside the muscle fibeis and appeal to be undergoing destruc- 
tion due to the attacking leukocytes Owing to the fiist infection, the 
animals have developed an immunity to the invading paiasite, and 
enc}Stment is moie difficult in a second infection Obsenations m this 

10 Josey, A I , and Lawrence, J S Folia haemat 48 323, 1932 

11 Biggart, J H J Path & Bact 35 799 1932 

12 Opie, EL Am J M Sc 127 217, 1904 
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study of tissue reaction may be fuither evidence that an immunity 
to Tnchinella spiralis is developed following the primal y invasion of 
the larvae Ducas and later McCoy “ showed that m lats infected 
a second time with Tnchinella spiralis fewer worms developed in the 
intestinal tract In the tnchinous animals with tuberculosis oi trypano- 
somiasis, there was lessened reaction in the muscles owing to the fact 
that the animars powers of resistance were devoted not only to resisting 
the invading larvae, but probably, primaiily, to the moie viiulent and 
commonly fatal infections 

I am unable to explain satisfactoiil}^ the lessened cellular infiltration, 
edema and muscular destruction m tnchinous animals receiving large 
doses of typhoid vaccine A geiieial leaction to the vaccine is indi- 
cated by the fact that each injection was followed by a leukocytosis 
These animals gained in weight and were less irritable than normal 
tnchinous controls during the height of the disease 

Fuither study of the tissues of all the animals re\ealed accumulations 
of eosinophil cells They weie found m abundance m the lungs of the 
normal controls, the tnchinous animals and those with tnchmosis and 
a secondary infection They weie seen in the capillanes, within the 
alveoli, especially giouped around and in the walls of the smallei bronchi 
and m paitially destioyed cells in the lumens This was also observed 
by Opie In a study of tissues from vaiious parts of the body, this 
was the only evidence of destruction of these cells Is it possible that 
after they have served their puipose thej^ aie excreted thiough the 
lespiratory tiact^ Oi, moie pertinent, aie they serving some purpose 
in being excreted theie? It is well kiiOAvn that in patients with asthma, 
eosinophil cells are often found with ease in the sputum I studied 
by ordinary methods the urine and stools of two patients with tnchmosis 
having an eosiiiophilia of moie than 50 pei cent, and failed to find any 
evidence of excretion of the cells through these channels However, 
Healy and his associates^® lecently observed eosinophils in the stools 
of a patient with gastro-intestmal allergy 

In many of the animals, an accumulation of laige numbeis oi 
eosinophil cells was found in connective tissue, especially in the lymph 
nodes, spleen, muscles and peribronchial tissue Opie and Kanthack 
and Haidy^® reported similar observations Sometimes this connective 
tissue was newly foimed, as mitotic figures were piesent Similar 
obseivations led some of the eailier workers to believe that the eosino- 
phil cell had its origin m connective tissue cells Befoie the function 

13 Ducas, R L L’lmmunite dans la tnchmose, Pans, Jouve & Cie, 1921 

14 jMcCoj, or Am J Hyg 14 484, 1931 

15 Healy, James C , Gallison, Davis T, and Brudno, James New England 
T }iled 210 123, 1934 

16 Kanthack, A A , and Hardy, W B J Physiol 17 81, 1894 
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of the eosinophil is fully understood, this relationship will have to be 
explained 

It IS often stated that in certain diseases, for example scarlet fe\ei 
and tubeiculosis, eosinophil cells aie piesent in the blood, mostly m 
the afebrile stages In subjecting tnchmous guinea-pigs to a high degree 
of heat so that their body tempeiatures were laised, the number of 
eosinophils, instead of being diminished, was elevated Realizing that 
the number of animals studied is too small for definite conclusions, it 
w'ould appear that it is not the temperature per se which causes a reduc- 
tion of these cells, but rather something associated wuth the cause of 
the rise in temperature 

Throughout all the expeiimcnts, the animals were w’^eighed peiiodic- 
all} to see if there w^as a relationship between the number of circulating 
eosinophil leukocytes and the bodv weight Opie concluded that there 
IS a direct relationship in the guinea-pig, and stated that an increase in 
weight IS accompanied b) a fall in the proportion of eosinophils, w^hile 
a deciease in weight is accompanied b} an increase m the numbei of 
the cells In analyzing the weights and leukocyte counts of fifty animals, 
I could find no constant iclationship 

While conducting this stud\ , Dr K J Thompson called my attention 
to a patient in the Fourth Medical Service of the Boston Cit} Hospital, 
w'ho had trichinosis complicated by a p\ogenic infection The summar\ 
of the case is as follow'S 

REPORT or A CASE 

A P , a \ outli, aged 19, single, entered the hospital complaining of diarrhea 
of one week’s duration and pains in the left leg He had had intermittent chills 
and fever for one da>, with no diarrhea His temperature on entr\ was 103 F, 
and his pulse rate, 110 Essential positne findings on ph\sical examination 
included a shghth enlarged and tender spleen, small maculopapular red blotches 
consistent with “rose spots,” o\er the abdomen, open and infected ulcers of one 
week’s duration on both feet, and soreness on palpation in the left popliteal 
region A provisional diagnosis was made of tiphoid fe\er There was a slight 
leukoci tosis, and no eosinophils were found in the blood The piogenic lesions 
on the feet w'ere treated immediateh on entn, and in four da\s were definiteh 
impro%ed At this time the eosinophils were 6 per cent, and a diagnosis was 
made of trichinosis, which was aerified b\ positne skin and precipitin tests 
Later a biopsa of muscle revealed Tnchinella 

What mechanism is involved in the diminution of the circulating 
eosinophil leukocytes in tnchmous animals which are given a secondarv 
infection^ An endeavor was made to ansvv'er this by a study of the 
bone marrow Evidence appears to fav'Oi the opinion that all eosinophil 
leukocytes hav^e their oiigin in the bone marrow In the preceding 
experiments, no evidence was found that with the decline of eosinophil 
cells in the peiipheral blood theie was as marked a reduction in the mar- 
lovv In the secondanl}' infected animals theie weie fevvei eosinophil 
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myelocytes and evidence of a lessened production, but the total number 
of eosinophil cells was approximately the same as in trichinous animals 
without complications It appears, then, that eosinophil cells aie always 
present m the bone mariow, ready for entrance into the peripheial blood 
under certain influences In the case of trichinosis, these cells entei 
the blood stream at a time when the larvae invade the muscles Whethei 
this IS due to toxins liberated by the larvae at this stage or to the 
absorption of destroyed muscle is difficult to state, but whatever the 
mechanism, it is probably related to protein metabolism If a trichinous 
animal is given a secondary infection, as with staphylococci, there is 
more of an immediate need for another type of leukocyte But as soon 
as the acute stage of the pyogenic infection has passed, the eosinophil 
leukocyte again enters into the circulation Pievious obseivations on 
the reactions in the muscles and these hematopoietic responses indicate 
how appropriately these mechanisms of the body respond to vaiious 
types of invasion 

SUMMARY 

1 The number of circulating eosinophil leukocytes in animals 
infected with Trichinella spiralis was reduced following infection with 
B tubeiculosis. Staph aureus and Trypanosoma equipeidum Animals 
which had received repeated injections of typhoid vaccine responded 
with a rise in the eosinophil level No change was noted following the 
injection of heat-killed tubercle bacilli 

2 Studies of the bone marrows from the same animals did not 
reveal a corresponding decrease in the number of eosinophil cells 

3 Trichinous animals having a superimposed infection of tuber- 
culosis or trypanosomiasis had less reaction around the encysted parasites 
in the muscle than the control animals Trichinous animals inoculated 
with typhoid vaccine showed similar changes in the muscles 

4 Trichinous animals subjected to a high level of dry heat lesponded 
with an absolute rise in the circulating eosinophilic leukocytes 

5 No relationship was found between the weights of animals and 
the level of eosinophilic leukocytes in the peripheral blood 

6 The number of circulating eosinophil cells did not appear to be 
related to the mode of encystment of Trichinella spiralis in the muscle 
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We have shown that single large doses of thyroxine in 
alkaline solution have about 63 per cent as much effect when admin- 
istered by mouth as when given intrat enously ^ However, the oral 
administration of the monosodium salt in tablet form produces only 
about 25 per cent as much effect as the intravenous administration of 
thyroxine in alkaline solution, when the comparison is made on the 
basis of the daily doses of the two substances required for maintenance 
of the basal metabolism of patients with myxedema at the normal level * 
As a continuation of our study of the calorigenic action of various 
forms of th 3 roxine we have now determined the effects of admin- 
istering single laige doses of pure thyroxine both by mouth and directly 
into the duodenum, and have compared them with the effects of oral 
administration of single large doses of monosodium thyroxine in tablet 
foim and of th}ro\ine in alkaline solution 

From the Department of Medicine, Rush Medical College, and the Presby- 
terian and Cook Countj hospitals 

1 (a) Thompson, W O , Thompson, P K , Dickie, L F N , and Alper, 

J M Effect of Alkali on the Absorption of Thyroxine from the Gastro-Intestinal 
Tract, Arch Int Med 52 809 (Nov ) 1933 (b) Thompson, W O , Thompson, 

P K , Taylor, S G , HI , Alper, J M , and Dickie, L F N The Effect of 
Various Compounds of Thyroxine on the Basal Metabolism, Endocnnologj 18 228, 
1934 

2 (a) Thompson, W O , Thompson, P K , and Dickie, L F N Mono- 

sodium Thyroxine, Desiccated Thyroid and an Impure Sodium Salt of Thyroxine 
Comparison of Their Effects When Administered Orally with the Effect of 
Thyroxine m Alkaline Solution Injected Intravenously, Arch Int Med 52 
576 (Oct ) 1933 (b) Thompson, W O , McLellan, L L , Thompson, P K , 

and Dickie, L F N The Rates of Utilization of Thyroxine and of Desiccated 
ThjToid in Man The Relation Between the Iodine in Desiccated Thyroid and 
in Thvroxine, J Chn Investigation 12 235, 1933 
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METHOD 

As in the previous parts of this study we used only patients with definite 
myxedema, because of their greater response to all kinds of thyroid preparations 
Five patients were used^ In the first patient the myxedema was spontaneous 
in the others it followed a subtotal thyroidectomy for exophthalmic goiter The 
fourth patient also suffered from a mild postoperative tetany which caused prac- 
tically no symptoms throughout the period of observation, during which time 
her serum calcium was about 8 mg per hundred cubic centimeters The data on 
the third patient are not satisfactory because of irregular breathing, and his 
metabolic levels can only be approximated The Sanborn-Benedict, Sanborn- 
Grafic and Benedict-Roth machines were used in making the determinations of 
the basal metabolic rate, and Aub-DuBois standards were used in the calcula- 
tions In computing the number of calories (excess calories) produced by a 
given dose of thyroxine, we have used a method described in previous communi- 
cations ^ Since the number of calories produced in excess of the basal rate is 
probably greater at higher than at lower levels of metabolism and since the 
method used takes into account only the basal calories, the actual excess calories 
recorded must be regarded as approximations and only of comparative and not 
absolute value As the modes of administration of the various substances may 
be of importance, we have given them in detail in the legends 

All thyroxine used was crystalline synthetic thyroxine except the monosodium 
salt, which was in the form of tablets, each of which contained 1 03 mg of the 
salt Kendall ^ said that when thyroxine is dissolved in an excess of sodium 
hydroxide the disodium salt is formed The monosodium salt is only slightly 
soluble 111 distilled water, whereas the disodium salt is said to be soluble to the 
extent of 4 per cent “ In all patients on whom data are reported here and elsewhere 
the alkaline solution of thyroxine (presumably the disodium salt) was prepared for 
oral administration by treating synthetic thyroxine with a weak solution of sodium 
hydroxide, except in the case of the first of two administrations of this substance 
to the second patient, when it was prepared by treating tablets of the monosodium 
salt in the same way 

For duodenal administration of thjToxine the position of the Rehfuss tube 
was always checked by fluoroscopy, the typical curve of the tube as it passed 
from the stomach into the duodenum leaving no doubt about its position In 
addition, m the first patient a small amount of barium sulphate was injected 
through the tube the night preceding the administration of thyroxine and again 
about four and one-half hours preceding it At the time of administration prac- 
tically all the barium seemed to be in the ascending and transverse colons In 


3 All the data on the first patient and about two thirds of the data on the 
second patient were collected at the Cook County Hospital, and the remainder 
at the Rush Medical College and Presbyterian Hospital Dr Frederick Tice and 
Dr Karl A Meyer permitted us to collect data on the patients in the Cook- 
County Hospital 


4 Thompson, W O , Thompson, P K , Brailey, A G, and Cohen, A C 
The Calorigenetic Action of Thyroxin at Different Levels of Basal Metabolism 
in Myxedema, J Clin Investigation 7 437, 1929 Thompson, Thompson, Dickie 


5 Kendall, E C 
Inc, 1929 


Thyroxine, New York, The Chemical Catalog Company, 
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the third patient a small amount of barium sulphate was injected through the 
tube twenty minutes before the administration of thyroxine 

The data are recorded in charts 1 to 6 and aie summanzed in 
table 1 It may be noted that in patients 1, 4 and 5 the oial adminis- 

DATA 

Iable 1 — Companson of Effects of Adimntstcnng Thyroxine m Faiions Foinis 
by Mouth and Duodenum to Five Patients ivith Myxedema 
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Produced 

1 40 mg pure sjnthctlc th>ro\inc 
suspended In distilled water, bj 
duodenum 

20 0 

—30 

-10 

—1 




100 mg pure sjnthctlc thjroxlnc 
suspended In distilled water, bj 
month 

03 0 

—40 

—33 

3 

7 



2 10 mg sjnthctlc thjroxino In 
the fonn of its monosodium 
salt (tablets), bj mouth 

0 3 


22 

13 

30 

420 

C,4S5 

10 mg sj'nthetic thj’roxlne In 
the form of its monosodium 
salt (tablets) treated with an 
nlXnllnc solution 

0 3 

—.1 

—17 

17 

',2 

3S0 

8,910 

no mg pure sjnthctlc thjroxlnc 
suspended In distilled water, bj 
duodenum 

32 3 

—32 

—20 

) 

13 

31 

4S5 

10 mg pure sjnthctlc thjroxlnc 
In alKallno solution bj mouth 

0 3 

— 1 

-10 

24 

02 

S >7 

13,023 

1 10 mg pure sj-nthetic thj-roxlne 
suspended In distilled water. In 
duodenum 

0 3 

—IS 

—14 

4 




10 mg sjnthctlc thjroxlnc In 
the form of Its monosodium 
salt (tablets), bj mouth 

0 3 

—17 

—11 

0 

24 



4 *10 mg pure sMithetic tin roxlnc 
suspended In distilled water, b\ 
mouth 

19 5 

-20 

—IS 

o 

G 

9 

ISO 

lO mg sjnthctlc thjroxlnc In 
the form of Its monosodium 
salt (tablets), bj mouth 

10 3 

22 

—12 

10 

20 

103 

2,395 

10 mg pure sjntlutlc thjroxine 
in alkaline solution, bJ mouth 

0 3 

22 

■— 7 

13 




5 40 mg pure sjnthetlc thjroxlnc 
suspended In dlstlllc<l water, b\ 
mouth 

20 0 

-2S 

—24 

4 




40 mg sjnthctlc thjroxlnc In 
the form of Its monosodium 
salt (tablets), bj mouth 

20 0 

— 2S 

—20 

S 





tiation of 100, 30 and 40 mg respectively, of pine thyroxine did not 
produce a clearcut change in the basal metabolic rate There is some 
question of a change in the first patient following the administration 
of 100 mg In tins instance the basal metabolic rate rose fiom minus 
40 to minus 35 per cent, and was back at its prethyroxme level in seven 
days However, this change was too slight to be considered definite 
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It should perhaps be regarded more senously because subsequently the 
piolongcd daily oral administration of large doses of pure ‘hyrox 
the saL patient raised the basal metabolic .ate to normal, as will be 

reportc patients, single doses 

of 40, 50 and 10 mg , respectively, of pure thyroxine, when administere 
diiectl} into the duodenum, weie likewise without a definite efifect on the 
basal metabolic rate 



Chart 1 (Mrs P S , height, 166 cm , age 44) —The duodenal administration 
of 40 mg of pure S 3 mthetic thyroxine was made at 3 p m on Feb 9, 1933, 
through a Rehfuss tube which was in the duodenum about 10 cm The 
thyroxine was administered in a suspension of lukewarm distilled water, a 
total of 375 cc being used, largely for rinsing The patient had had lunch three 
hours before the administration The oral administration of 100 mg of pure 
synthetic thyroxine was made at 7 50 p m on Feb 14, 1933, in a suspension of 
lukewarm distilled water, a total of 500 cc being used, largely for rinsing The 
patient had received her usual three meals during the day, the evening meal 
having been served about S p m 


To the second, thud, fourth and fifth patients, single doses of 10, 
10, 30, and 40 mg, i espectively, of thyroxine were administered by 
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mouth in the form of the monosodium salt A definite, though slight, 
increase in the basal metabolic rate and some clinical improvement were 
noted in all One of the first things apparent was that the effect in 
the second patient was greater than in the other three Thus, in her, 
103 mg of the monosodium salt laised the basal metabolic rate from 
minus 37 to minus 22 per cent, and resulted in the production of 


o- — e 



Chart 2 (Mrs B G , height, 158 cm , age 38) — The oral administration of 
10 mg of thyroxine m the form of its monosodium salt was made at 6 p m on 
Nov 11, 1932, about 100 cc of distilled water being used to wash dowm the 
tablets The patient had had her usual three meals during the day, supper having 
been served at 5 p m The oral administration of 10 mg of thyroxine in the 
form of Its monosodium salt, which had been treated wuth an alkaline solution, 
was made at 4 20 p m on Dec 30, 1932, a total of S drops of a 10 per cent 
solution of sodium hydroxide being used for solution and rinsing In addition, 
15 grams (096 Gm ) of sodium bicarbonate was given in solution at 4 IS p m 
and 10 grains (0 64 Gm ) m solution at 4 25 p m A total of 200 cc of distilled 
water was used for all purposes The patient had had breakfast, and had lunch 
at 12 noon The duodenal administration of SO mg of pure synthetic thyroxine 
was made through a Rehfuss tube at 4 30 p m on Feb 22, 1933, suspended in 
distilled water, a total of 400 cc of wmter being used, largely for rinsing The 
patient had not eaten since the preceding night The oral administration of 10 mg 
of s\nthetic thyroxine m alkaline solution was made at 1 20 p m on March 
13, 1933, a total of 4 drops of 10 per cent solution of sodium Indroxide and 
250 cc of distilled water being used for solution and rinsing The patient had 
received no food since 5 30 p m the preceding day 
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6,485 excess calories, whereas in the third patient, the same dose caused 
an increase of onl}^ from minus 17 to minus 11 per cent, in the fourth 
patient 30 mg caused an increase only from minus 22 to minus 12 per 
cent and the production of 2,395 excess calories, and m the fifth 
patient 40 mg caused an increase of onl}^ from minus 28 to minus 
20 per cent The reason for this variation in effect is not clear 

To the second and fourth patients we administered 10 mg of 
thyroxine by mouth in alkaline solution As pointed out, it was 


• O O 



.hroogl. a Rehfas .ute, a saspans,™ of dtl dVaL' a^JaVoTdSo’ '"“j 
water being used, largely for rtnofinc- TKa. * . , , ’ ^ ^ ^ of 

the preceding day, except for an EwaM ® "Of eaten since 8pm 

most of whi?h was aspTate^^^ but he ateT administration, 

-tration The oral alinlVa^^^ admin- 

inonosodium salt (10 3 mg of the salO a thyroxine m the form of its 

« the form of tablets tvh.ch were washed do” wdh 45? " of’d^fll d ’ 

The patient had had no breakfast or lunch ^ distilled water 

*• »■«« n, 

-i. - — 
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crystalline thyroxine m an excess of sodium hydroxide For some 
leason not clear at present, when the tablets were used the effect was 
less than when crystalline thyroxine was dissolved in an excess of 
sodium hydroxide When the tablets were treated with sodium 
hydroxide some powdei remained tindissolved, which it was thought 
lepresented the base used in making the tablets (66 per cent sugar of 
milk and 33 per cent arrowroot starch) because the monosodium 
salt IS soluble in a weak solution of sodium hydroxide It is possible, 
however, that some of the monosodium salt was undissolved When 
the tablets weie used, a single dose containing the equivalent of 10 mg 



Chart 4 (Mrs C B , height, 152 cm , age 33) — Tiie dose of 30 mg of pure 
sj nthetic thyroxine was given bj mouth at 1 50 p m on Jan 26, 1933, the patient 
having fasted since the nigiit before It was gnen suspended m lukewarm dis- 
tilled water, a total of 400 cc being used, largeh for rinsing The dose of 
30 mg of th>roxine in the form of its monosodium salt (309 mg of the salt) 
was given by mouth in tablet form at 12 30 p m on Feb 6, 1933, the patient 
having had no food after 6 p m on February 5 The tablets were w'ashed 
down with 400 cc of lukewarm distilled w'ater The oral administration of 
10 mg of pure synthetic thyroxine m alkaline solution was made at 1 10 p m 
on March 13, 1933, using 4 drops of 10 per cent solution of sodium hvdro\ide 
and a total of 250 cc of distilled w'ater for solution and rinsing The patient 
had been fasting since the preceding night 

of thyroxine increased the basal metabolic rate from minus 34 to 
minus 17 per cent and caused 8 910 excess calories to be produced 
When the same dose of pure crystalline thyroxine Avas used after 
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disbohmg It ui an excess of sodium hydroxide, the basal “metabolic 
rate was increased fiom minus 34 to minus 10 pei cent and 13,U-i3 
excess calories were produced In the fourth patient the administra- 
tion of 10 mg ot thyroxine m alkaline solution caused an increase 
m basal metabolic rate fiom mums 22 to minus 7 pei cent Thus, 
in the fouith patient, 10 mg of th)noxine m alkaline solution pro- 
duced one and a half times as much effect as 30 mg in the form of 
the monosodium salt, and about twice as much effect as 40 mg in the 
foim of the monosodium salt in the fifth patient 

Data lepoited heie and elsewhere showing the effects of admmistei- 
ing single laige doses of thyioxine in I'aiious foims and by various 
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Chart S (Mrs J McH , height, 163 cm , age 42) —The oral dose of 40 mg 
of pure synthetic thyroNine was administered at 4 p m on Jan 31, 1933, in a 
suspension of distilled water, a total of 420 cc being used, largely for rinsing 
The patient had been fasting since the preceding night The oral dose of 40 mg 
of th} roMiie m the form of its monosodmm salt (41 2 mg of the salt) was given 
at 1 25 p m on Feb 21, 1933, m the form of tablets, which were washed down 
with 400 cc of distilled water The patient had been fasting since the preceding 
night 

routes aie summanzed m table 2, wheie, m order to facilitate comparison, 
they have aibitrarily been calculated m terms of the effect of 10 mg of 
thyioxme by the method indicated m the footnotes While the slight 
mciease in basal metabolic late caused by thyroxine as the free ammo-acid 
is not legarded as definite, it may be noted that for every 10 mg of thy- 
roxine administered by mouth m the foim of the monosodmm salt the 
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basal metabolic rate increased 7 points (fiom minus 28 to minus 21 per 
cent) on the aveiage, for every 10 mg administered by mouth in akalme 
solution the basal metabolic rate increased 20 points (from minus 
31 to minus 11 pei cent) on the average, and for every 10 mg injected 
intravenously in alkaline solution the rate increased 32 points (from 



Chart 6 — ^Detailed data for computing the excess basal calories produced by 
administering th\ro\ine in rarious forms bv mouth and duodenum to patients 2 
and 4 


minus 37 to minus 5 pei cent) on the average Thus, thyroxine when 
administered by mouth in the form of the ciystalhne monosoduim salt 
has only 35 pei cent as much effect as when administered by mouth 
in alkaline solution and only 22 per cent as much as when it is admin- 
istered intravenousl} in alkaline solution, while an alkaline solution is 
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only 63 per cent as effective when given by mouth as when given 
intravenously These conclusions, of course, apply only to the admin- 
istration of single large doses The prolonged daity administration of 
small doses might produce somewhat different effects 


Table 2 — Summary of Effects of Admimslei ing Thyioxine vi Vanous Foims 
by Mouth and Duodenum Compared with Those of Adimmsteung 
It Intravenously m an Alkaline Solution 


Iodine 

Content 


Medication* 

of 

Sub 

stance 

Admin 

istered. 

Mg 

Num 

her 

of 

Pa 

tlents 

10 mg pure synthetic thyroxine 
suspended in distilled water, by 
duodenum 

05 

3 

10 mg 1 pure synthetic thyroxine 
suspended in distilled water, by 
mouth 

6 5 

4 

10 mg § synthetic thyroxine in the 
form of its monosodium salt (tab 
Jets), by mouth 

0 5 

6 

10 mg II pure synthetic thyroxine in 
alkaline solution (sodium hydrox 
Ide), by mouth 

6 5 

5 

10 mg H pure thyroxine in alkaline 
solution, intravenously 

0 3 

6 
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3 

-30 

—29 

1 

8 

4 

—32 

-30 

2 

6 

6 

-28 

—21 

7 

22 

5 

-31 

—11 

20 

63 

8 

-37 

— 5 

32 

100 


* The effect of a given dose of tliyrovino was calculated in terms of 10 mg by multiplying 
tao number of points the basal metabolic rate changed following its administration by the 

fraction—, In which x = the dose of thyroxine used All thyroxine referred to In this table 

was synthetic (Hoffmann La Roche) except that so called natural thyroxine (Squibb’s) was 
used for four of the intravenous injections 


t Ror the calculnUon of the figures in this column the average change In the basal 
metabolic rate for each type of medication was divided by 32 and the result multiplied by 100 

I The patient not included in table 1 received a dose of 10 mg 

§ The two patients not included in table 1 received doses of 7 5 and 10 mg , respectively 

II All doses were 10 mg except one of 7 6 mg Ror the second patient of the present 

"''i for this summary of the effects of an alkaline solutmn by mouth only^the 

dissolved in alkali, because of the uncertainty about all the mono 
-odium salt being dissolved when the tablets of this substance were treated with alkali 

B0di!im\fvTn\7rfn°w"’!l thyroxine was dissolved in an excess of 

po&um hydVoxide except one. for which it was dissolved m an excess of 


LUMMENT 


The fact that the oral oi duodenal admimstiations of single large 
doses of fiom 10 to 100 mg of pure thyroxine do not produce a 
measurable increase in basal metabolic rate is not proof that much larger 
doses would not ha^e an effect Data are now being collected on the 
irst patient of this leport which show that when a comparatively large 
amount of pure thyroxine is administered by mouth every day the 
basal metabolic rate mav be held at the normal level Final fibres 
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aie not yet available, but fiom data alieady collected, it would appear 
that the amount required for this pin pose is about one hundred and fifty 
times as great as if the thyroxine were given mtiavenously in an alkaline 
solution The great difference in the effects of the various forms of 
thyroxine by the oial loute may be largel} a mattei of solubility, as 
pi eviousl}'^ suggested “ 

Since thyroxine is soluble in alkali, it might be supposed that inject- 
ing it diiectljr into the duodenum would lesult m some of it going into 
solution and hence being absorbed, because of the slight alkalinity of 
the duodenal contents It would seem from our lesults, however, that 
this alkalmit} is not great enough to lesult in the solution of more 
than a very small fiaction of the amount administered 

SUMMARY 

The oral administration of single doses of from 30 to 100 mg of 
pure th} roMiie suspended in distilled water is without a definite effect 
on the basal metabolic rate m patients with mjxedema 

The duodenal administration of single doses of from 10 to 50 mg 
of pure thyioxine suspended m distilled watei is likewise without a 
definite effect 

From the data icpoitcd m this and two previous communications, it 
ivould seem that m patients with imxedema the oral administration of 
10 mg of thyroxine in the form of its ciystalline monosodium salt 
increases the basal metabolic rate 7 points (from minus 28 to minus 
21 per cent) on the average, and the oial administration of 10 mg in 
alkaline solution inci eases the basal metabolic late 20 points (from 
minus 31 to minus 11 pei cent) on the aieiage, while the intraienous 
admimstiation of 10 mg in alkaline solution increases the basal meta- 
bolic rate 32 points (fiom minus 37 to minus 5 pei cent) on the average 


6 Footnotes 1 and 2a 



Book Reviews 


Treatment m General Practice By Harry Beckman, M D , Professor of 
W B Saunders Compaii}, 1934 

In Jookmg over this compendium, the reviewer was impressed by its breezy style, 
Its occasional personal opinion and its human quality Having avoided books on 
thcrapj for many years, he was impressed bv the amount of factual knowledge 
collected in these pages Each disease is arranged in alphabetical order under 
subheads, winch affords easj access to the matter in hand The author has 
developed a distinct contribution to a book on treatment for quick reference 
Having become interested in this style of presentation, the reviewer wandered 
into one of the most extensive count}’' libraries in this country and asked the 
librarian about the former edition of the work She stated that it is the most 


popular reference book on treatment on the shelves 

If any criticism might be made of this volume, it would be to advise the author 
to leave out all the tropical diseases which are not found in this part of the world 
Adding references to the discussion would make the book too bulky Ihe names 
of authors are profuse enough in the text to permit more extensive reading 

The mass of data, observations, theories and polemics which make up medical 
literature is so vast-much being so inconsequential and much consisting of just 
words— that an effort of this kind, even though it must be revised as time goes on, 
IS most commendable 

It IS an excellent reference for general practice 


A Diabetic Manual for the Mutual Use of Doctor and Patient By E P 
Joshn Fifth edition Price, $2 Pp 224, with 50 illustrations Philadelphia 
Lea & Febiger, 1934 


In his usual lucid style Dr Joslin has incorporated the essential features of 
the modern treatment of diabetes m a very readable book of two hundred and 
twenty-four pages Although the book is designed primarily for instruction of 
the patient, it is equally useful to the physician who does not limit his practice 
to diseases of metabolism Dr Joslm’s optimism and kindly interest m human, 
beings is evident throughout He understands diabetic patients as well as diabetes 
He is fully aware of the many questions which arise to perplex the patient and 
answers these questions clearly and graphically The book is illustrated liberally 
with photographs of diabetic patients enjoving life Such photographs aid greatly 
m dispelling the horror of the disease so often encountered in dealing with patients 
who are beginning treatment 

The treatment of diabetes by diet is fully explained Although the diets which 
the author recommends contain considerably more carbohydrate than those which 
he advocated in former years, none of his standard diets contain more than 172 Gm 
of carbohydrate This figure is considerably lower than that recommended by the 
advocates of the “high carbohydrate diet ” Perhaps as the result of his experiences 
before the introduction of insulin. Dr Joslm does not approve the use of diets 
low in carboh}drate and high in fat He believes that these diets predispose to 
arteriosclerosis and the development of diabetic acidosis In this respect his con- 
clusions are at variance wnth those of some physicians in other chnics 

Numerous menus and recipes are given to exemplify the diets A glance at 
tli^e former IS sufficient to indicate that the dietary life and consequently the social 
life of the diabetic patient today is much less ascetic than it was a few years 
The work of the dietitian should be the expert and artistic application of the science 

*■ a' t ^ Illustrates how closely tlS 

ideal has been obtained clear soup, steak, tomato and cucumber salad, peas baked 
potato, butter, ice cream and saltines ’ ^ 

Since the introduction of insulin, diabetes has become a more chronic disease 
and m consequence the incidence of degenerative complications appears to be 
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increasing Considerable space in the manual is therefore given to the treatment 
of these complications and to their prevention by prophylactic hygiene Careful 
study of these chapters, especially by middle-aged or elderly patients, would 
decrease greatly the needless occurrence of diabetic gangrene The book is con- 
cluded with several interesting chapters on the heredity of diabetes, the relation- 
ship of diabetes to obesity, the treatment of diabetic children and the advisability 
of marriage of diabetic patients The reviewer can recommend this book without 
qualifications 

Allergy in General Practice By Samuel M Feinberg, Assistant Professor 
of Medicine and Attending Physician m Asthma and Hay Fever Clinic, 
Northwestern University Medical School Price, $4 50 Pp 339, with 23 
engravings and a colored plate Philadelphia Lea & Febiger, 1934 

In this book the author discusses the problems of allergy in a delightfully 
simple and straightforward manner The book is evidently designed to stimulate 
readers interested in general medicine to realize that clinical allergy is frequently 
encountered, is recognizable and is often amenable to a fairly simple therapeutic 
program It fulfils this purpose admirabl}' 

The volume begins with an introductory chapter on the history of asthma and 
hay fever There is next a short chapter dealing with the general principles of 
allergy and anaphvlaxis, and then an excellent, more thorough discussion of asthma, 
with a consideration of its causes, diagnosis and treatment The second half 
of the book deals with hay fever O C Durham, chief botanist of the Abbott 
Laboratories, has contributed a chapter on the botanic aspects of hay fever, which 
will interest readers unfamiliar with such things as plants and pollens or the use 
of iiollen surveys and weather maps in the treatment of hay fever There is a 
short chapter on less clearly defined allergic conditions, such as eczema, angio- 
neurotic edema, gastro-intestinal allcrg} and allergic headache Finally, the book 
closes with a group of thirty-nine case reports to illustrate certain principles of 
diagnosis and treatment outlined in the text 

The entire book is written clearly and is verv readable Each chapter ends 
with a good bibliographv Medical students and general practictioners will find 

this volume an excellent one for reference and studv 

/ 


News and Comment 


INTERNATIONAL CONGRESS OF GASTRO-ENTEROLOGY 

The First Congress of Gastro-Entcrologi uill be held at Brussels, Belgium, 
Aug 8 to 10, 1935 The sccretarv -general of the Congress is Dr George Brohee, 
Rue de la Concorde, 64, Brussels Dr Max Einhorii, 20 East 63rd Street, New 
York, has been asked to form, and to act as chairman of, the North American 
Committee, and Dr Dc Witt Stetten to serve as secretary of the committee 


CORRECTION 

In the article bv Dr M W introbe on "Anemia,” in the August issue (Arch 
Int Med 54 256, 1934), the fourth and fifth columns of section II in table 6 
should read 

A Sudden loss of blood • Acute posthemorrhagic anemia 

B Acute destruction of blood e g, hemolytic anemia caused by malaria 
In other words, "e g , hemolytic anemia caused by malaria” should appear on 
the third line opposite “B Acute destruction” 


Archives of Internal Medicine 
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SPIDER POISONING 

EXPERIMENTAL STUDY OF THE EFFECTS OF THE BITE OF 
THE FEMALE LATRODECTUS MACTANS IN MAN 

A W BLAIR, MD 

UNIVERSITY, ALA 

The belief that the bite ^ of the spider Latrodectus mactansp com- 
mon in the southern half of tlie United States (fig 1), is poisonous 
for man has been recognized for centuries ^ Evidence for the truth 
of this belief has rested largely on the statement of patients that 
immediately prior to the onset of their symptoms they had been bitten 
by a spidei answering the description of Latrodectus mactans ^ In 
other cases, the spider alleged to have been responsible for the bite was 
caught and identified as a member of this species by competent 
arachnologists Many physicians accepted this evidence of their patients 
and lepoited cases of spidei poisoning in the scientific literature 

From the Department of Pathology and Bacteriology, School of Medicine, 
University of Alabama 

1 Strictly speaking this spider does not “bite” at any time It pierces the 
integument of its victim by means of a pair of extremely sharp, chitinous claws 
(fig 3) articulating on the basal segments of the chelicerae The chelicerae are 
considered as modified antennae and constitute the first pair of appendages They 
he m front of and are attached above the month parts Near the tip of each claw 
is a small orifice through which the venom from the poison gland is discharged 
in the wound The mouth parts are used only in pressing and sucking the fluid 
contents of the victim 

2 This species possesses many scientific synonymous names (Petrunkevitch, 
Alexander A Synonymic Index-Catalogue of Spiders of North, Central and 
South America with Alt Adjacent Islands, Bull Am Mus Nat History 29 180 
[May] 1911) and nicknames (Bogen^") Of the former, that most commonly 
used is “Latrodectus mactans”, of the latter, “black widow” References in 
the literature are all in connection with the female of the species Little attention 
IS given the male though it appears that it also possesses poisonous properties 

3 (a) Mernam, C Hart The Dawn of the World, Myths and Weird 
Tales Told by the Mewan Indians of California, 1910, quoted by Comstock, J H 
The Spider Book, New York, Doubleday, Page & Company, 1913, p 359 
(£>) Robie, T An Instance of the Venom of Spiders, Phil Tr Roy Soc 
London 6*52, 1726, On the Effects of Inoculation, the , and the Venom 

of Spiders, Phil Tr Roy Soc London 7 20, 1724, quoted by Bogen 5*= 

4 Dorsal and ventral views of the adult female Latrodectus mactans are 
shown in the article on the “Life History of Latrodectus Mactans” m this issue 
(figs 1 G and H), p 844 
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Bogen/’ in a comprehensive review of the liteiature on this subject, has 
collected nearly four hundred cases of this kind, ranging fiom the 
year 1720^'^ to 1931 Twelve cases in which a fatal outcome was 
attributed to the bite of this spider are included Many other cases, 
as personal communications from local physicians testify, are never 
published, and, consequently, those reported lepiesent but a small fi ac- 
tion of the actual number which have occurred Since 1931 several 
authois® have leported additional cases 



Fig 1 — Distribution of Latrodcctus mactans in the United States The states 
in black are those in which, according to Bogen, this spider has been found or 
from which bites have been reported 


5 (a) Bogen, Emil Arachnidism Spider Poisoning, Arch Int Med 38 
623 (Nov) 1926 (an excellent bibliography is given in the reprints), (6) 
Arachnidism A Study in Spider Poisoning, J A M A 86 1894 (June 19) 1926, 
(c) Poisonous Spider Bites, Ann Int Med 6 375 (Sept ) 1932 (note the additional 
bibliography on spider poisoning) 

6 Combs, J J Spider Poisoning, South Med & Surg 94 442 (July) 

1932 Morton, C B Acute Abdominal Symptoms in Arachnidism, Arch Surg 
26 64 (Jan ) 1933 Tolleson, H M Arachnoidism, J M A Georgia 22 30 
(Jan ) 1933 Walker, W A Arachnoidism, J M A Georgia 22 lOS (March) 

1933 Noland, L Arachnidism, Am J Surg 20 758 (June) 1933 Walsh, G, 
and Morgan, W G Arachnidism, Am J M Sc 186 413 (Sept ) 1933 Abrams, 
M J Arachnidism, Bull School Med Univ Maryland 18 92 (Jan ) 1934 
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This evidence, coupled with similar reports on the poisonous prop- 
erties of the several closely related species distributed around the woild 
(fig 2), IS strongly suggestive of the poisonous nature of this spider 
Irrespective, however, of the integrity and intelligence of the patients 
thus bitten, such evidence remains essentially circumstantial in nature 
As such, it affords some basis for the skepticism, so abundantly displayed 



Fig 2— World distribution of genus Latrodectus As this is based on the 
literature of Latrodectus poisoning, no attempt at absolute geographic exactitude 
m the distribution of each species has been made Spiders of this genus are 
universally feared for the poisonous effects of their bite The uncommon prevalence 
of local nicknames for these spiders is of interest 


in the liteiature,’' that so small and timid a creature could be capable 
of producing such severe general symptoms in man 


7 Van Hasselt, A W M 
18 57, 1882 Emerton J H 
Gmn and Company, 1902, p 124 


Het spmnenvergift, Nederl tijdschr v geneesk 
Common Spiders of the United States, Boston 
Bogen 5“ 
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Fuither giounds foi skepticism on the part of those who have had 
no intimate acquaintance with the effect of the bite of this spider are 
afforded in the conflicting lesults of expeiimental studies m animals 
and in man Thus, Maix® leported no effect in a guinea-pig follow- 
ing the bite of a mature female Latiodectus mactans Escomel,® on 
the coiJtiaiy, lepoited niaiked symptoms, while Houssa}"^® and Troise^^ 
leported severe symptoms followed by death in many cases Baerg^- 
repoited “moderately pionounced” symptoms in two lats in a series 
of foui following the spidei’s bite, while Bogen^® leported marked 
symptoms with a high moitahty in mice and in rats Expeiimental 



Fig 3 — Adult female Latrodectus mactans dissected to show the tvo poison 
glands lying in the cephalothorav The two chchccrae,^ w'lth their sharp, chitinous 
claw'S directed medialU, arc seen anteriorl} bmg between the palpi (X 10) 


8 Marx, George On the Effect of the Poison of Latrodectus klactans Walck 
Upon Warm-Blooded Animals, Proc Entomol Soc 1 85 (Oct 2) 1890 

9 Escomel, E Poisonous Spiders, Rc\ Asoc med argent 27 853 (Dec) 
1917, quoted by Kellaway, C H Venom of Latrodectus hasseltii, M J Australia 
1 41 (Jan 11) 1930 

10 Houssaj, B A Aranas Venenosas, Conf Soc sud -am de hyg, Buenos 
Aires 1 545, 1917, quoted b} Troisc 

11 Troise, E Estudio farmacologico sobre la ponzona del “Latrodectus 
mactans,” Rev Soc argent de biol 4 447, 1928, abstr, Action pbarmacodymmiqve 
du venin de Latrodectus mactans, Compt rend Soc de biol 99 1431 (Nov 9) 
1928 

12 Baerg, W J Effects of the Bite of Latrodectus IMactans Fabr , J Para- 
sitol 9 161 (March) 1923 

13 Bogen®”' 



BLAIR— SPIDER POISONING 


835 


studies show maiked leactions in mice, rats, guinea-pigs and chickens 
In mice the moitaht> w'as piacticall> 100 per cent Rabbits, cats dogs 
and sheep seemed little affected Expeiimental lesults wuth trans- 
plants and the injection of extiacts of the poison gland (fig 3) are 
likewise confusing and inconclusne 

Direct experimental evidence that the bite of Latiodectus mactans 
may be poisonous for man is fuinished by the woik of Baeig On 
July 9, 1922, he placed one of these spiders on his little fingei but 
could not induce it to bite A fuithei attempt wnth a second spider 
lesulted in a bite, but the subsequent effect w^as local, mild and tiansitoiy 
The following day the fiist spidei was again placed on the finger and 
peimitted to bite for five seconds On this occasion seveie aching pains 
in the muscles of the lumbar region, shouldeis, chest and legs appeared, 
but Baeig concluded that the sliaip pain in the finger and hand was the 
most prominent feature The negative lesults of the first two attempts, 
however, together with the negative results of Lucas,^° Simon and 
Bordas following bites by Latrodectus, have in some measure 
detracted from the conclusiveness of his experiment Bordas reported 
being repeatedly bitten on the hand by Latiodectus tiedecimguttatus 
Rossi with no evidence of systemic poisoning The Latiodectus 
tredecimguttatus, commonly known as “la malmignatte,’' is found in 
southern Europe (fig 2) where it is legarded as poisonous to man, 
much as is the Latiodectus mactans m this countiy Closely related 
though these species undoubtedly aie, it is, nevei tireless, hazardous to 
assume that expeiimental results with the Euiopean “malmignatte” 
would be equally applicable to the Ameiican “black widow”- Yet 
this assumption has, by infeience, not infrequently been made^® 

In a series of excellent articles Bogen ° has revived the interest of the 
medical profession of this counti y in the severe sj^stemic symptoms result- 
ing from the bite of Latrodectus mactans Since expeiimental results m 
support of such a clinical entit)- have not been considered conclusive, 
an expeiimental study of the effects of the bite of this spidei m animals 
and man has been made The results m man, herewith submitted, 
emphatically support the contention of Bogen that aiachnidism (spider 
poisoning) may be considered “a true clinical entity in the field of 
general medicine ” 

14 Blair, A W Effects of the Bite of the Female Latrodectus mactans in 
Animals, to be published 

15 Lucas, U Ann Entomol Soc de France, 1843, p 8, quoted by Bordas it 
Bogen 

16 Simon, E Histoire naturelle des araignees, Pans, 1882-1903, quoted bv 

Bordas ^ 

17 Bordas, L Recherches sur I’eftet des piqures du Latrodectus 13-guttatus 
Rossi ou Malmignatte, Compt rend Acad d sc 133 953 (Dec 2) 1901 

18 Berland, Lucien Le venin des Araignees, Rei sc 65 267 (May 14) 1927 
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EXPERIMENTAL BITE IN MAN 

The subject of the experiment, begun on Nov 12, 1933, was a man (myself), 
aged 32, weighing 168 pounds (762 Kg), athletically inclined and m excellent 
health The normal clinical findings m health had been recorded daily for one week 
prior to the bite Reaction to bee stings and mosquito bites was normal 

The spider (no 111 33) selected for the experiment, a mature female Latro- 
dectus mactans,^ was found m a rock pile near my residence on October 25 
Since then it had been kept in a jar in the laboratory It was fed last (water 
beetle) on October 29 On the day of the experiment it was of moderate size, 
active and glossy black, with characteristic adult markings, and appeared to be 
in excellent condition 

10 45 a m With a pair of splinter forceps, the spider was gently grasped 
by the globose abdomen and applied to the medial surface of the terminal phalanx 
of the little finger of the left hand The spider bit the moment it came into 
contact with the skin surface, twisting the cephalothorax from side to side as 
though to sink the claws of the chehcerae deeper into the flesh The sensation 
resembled that of the prick of a very sharp needle, accompanied, however, by a 
burning sensation which increased in intensity during the biting period The 
spider was permitted to bite for ten seconds On its removal a small drop of a 
clear, whitish fluid, slightly streaked w'lth brown, was observed at the site of 
the bite This was allowed to remain untouched for one minute and was then 
wiped off with a cotton pledget No definite marks of skin puncture were seen 
with the naked eye or with low magnification 

First Stage, Lymphatic Absotplwn — 10 47 a m A bluish, pinpoint mark 
was seen at the site of the bite, surrounded by an area of blanching, 4 mm m 
diameter, a hot, burning sensation was present m the finger 

10 52 a m The area of blanching w-as more marked, the entire terminal 
phalanx was reddened, there was a throbbing, lancinating pain m the bitten 
finger 

11 00 a m Dull, aching pain was noted between the fourth and fiftli 
metacarpophalangeal joints of the left hand with a slight numbness along the 
ulnar side of the hand, beads of perspiration were present at the site of the bite 

11 02 a m Dull, aching pain was present on the inner surface of the upper 
arm in the region of the superficial cubital gland (tenderness of this gland was 
still present two weeks after the bite) , the terminal phalanx of the bitten finger 
was dark purplish red, slightly swollen and very painful 

11 05 a m Dull, aching pain was present m the left axilla, the whole arm 
had a dull, aching, slightly numb feeling 

11 07 a m Slight, aching pain was present over the lateral surface of the 
left side of the chest, pains m the axillary region now commanded more notice 
than the throbbing, occasionally lancinating pain m the finger 

11 18 a m Slight, aching pains were present over tlie precordium 
Second Stage, Vascular Disscmmatwn — 11 35 a m The blood pressure 
was 106 systolic and 78 diastolic, the pulse rate was 75 and weaker than normal, 
the respiratory rate was 16, and respiration appeared to be slightly deeper than 
normal , there was a dull, drowsy, lethargic feeling This w'as the first circulatory 
(general) effect noted 

11 50 a m Slight, transient aching pains were noted m the epigastrium, 
there was a flushed, headachy feeling, the white cell count was 8,400, with 54 
polymorphonuclears, 39 lymphocytes, 6 monocytes and 1 per cent eosinophils 
11 55 a m Definite, aching pains were present m the epigastrium 
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12 00 a m Aching pains were present m the muscles of the neck, there 
was a feeling of general malaise, the blood pressure was 108 systolic and 8- 
diastolic, the pulse was weak, and its rate was 62 

(From this stage on notes were taken by assistants ) 

12 10 p m Aching pains were present over the whole abdomen, the latter 
was tense , there was a flushed, trembly feeling in the legs 

(At this time the subject was driven 3 miles to the hospital During the 
fifteen minutes thus taken the abdominal pains became rapidly more severe ) 

12 30 p m Severe, aching pain was present in the lumbar region, abdomen 
and chest, with a feeling of constriction in the latter , speech was difficult and 
jerlcy, respirations were rapid and labored, with a sharp brisk expiration accom- 
panied by an audible grunt, the abdomen was rigid, the heart sounds were slow, 
regular and normal in character , the pulse was weak and thready , its rate was 60 

(At this time two electrocardiograms were made These were found to be 
normal, differing in no essential from that taken several days prior to the 
experiment ) 

12 37 p m There were agonizing pains in the lumbar region, abdomen and 
chest, the abdomen was rigid, boardlike, with some tenderness in the epigastric 
region, the patient stated that it was torture to he still on his back while the 
electrocardiograms were being made 

12 45 p m The pains had spread to the legs, the patient lay on his right 
side with the legs, arms and body flexed, the respirations were labored, with a 
gasping inspiration and a sharp, jerky expiration accompanied by an uncon- 
trollable, loud, groaning grunt 

12 50 p m The patient was unable to straighten up or stand, showing almost 
rigid flexion of the legs, tremor, extreme ashy pallor and cold clammy sweat, 
with the general appearance of being m a condition of profound shock, he was 
undressed and placed in a hot bath, he stated that he experienced an immediate, 
appreciable diminution of pain and a sense of general relief The bitten finger 
was swollen, cj'anotic, tender and painful 

1 04 p m The pain, though partially relieved, was still severe, the 
respirations were still labored, spasm of the flexor muscles of the forearms and 
adductors of the thumbs ("accoucheur’s hand”) was present, a tingling sensa- 
tion was felt in the hands and feet, the blood pressure was 75 systolic (no 
auscultatory diastolic reading was obtainable) , the pulse was rapid, uncountable, 
weak and thready ^ 

1 15 p m The lips were tense and contracted, causing the mouth to assume 
an oval shape, the patient complained of slight dizziness and throbbing m the 
head 

(Note by Dr J M Forney is “I saw the patient first at about 1 15 p m 
I found him in excruciating pain, gasping for breath and reclining in a tub of 
very warm water I do not recall having seen more abject pain manifested in 
any other medical or surgical condition All the evidences of profound medical 
shock were present”) 

1 30 p m The patient w'as removed from the bath and placed m bed, the 
face and body w'ere very red, the respirations were still labored but definitely 
easier than prior to the bath 


19 Dr J M Forney gave personal and professional aid during this experi- 
ment Figure 3 is a reproduction of a photograph by G G Goldenberg R 0 
Griffith and E S Porter gave valuable assistance 
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1 45 p m The respirations had become increasingly labored and the pains 
more severe since removal from the bath, the patient writhed about on the bed 
hot water bottles were placed to the abdomen and back, giving some relief from 
pain 

1 52 p m The patient was perspiring profusely, the respirations were less 
labored, the blood pressure was 80 systolic and 50 diastolic, the pulse was weak, 
its rate was 120 

Tlmd Stage, EhmmaUon—2 05 p m The patient stated that he felt a 
little better , he was given % gram (0 16 Gm ) of morphine hypodermically 

3 40 p m The white cell count was 13,200 with 79 polymorphonuclears, 
19 5 lymphocytes and 1 5 per cent monocytes 

4 05 p m The patient vomited 

5 25 p m A red streak extending up the back of the left hand from between 
the fourth and fifth metacarpophalangeal joints was noted 

7 45 p m The patient was very restless, he still complained of severe pain 
m the abdomen, lumbar region and legs and of sharp intermittent pains in the 
bitten finger, he drank copiously and perspired freely, the e>es were red and 
watery and the face appeared swollen, the abdomen was still rigid, the blood 
pressure was 154 systolic and 92 diastolic, the pulse was stronger, its rate was 78, 
the respirations were shallow and still somewhat labored, the white cell count 
was 18,200 with 82 polymorphonuclears, 13 lymphocytes and 5 per cent monocytes 

November 13 The temperature which was normal at the commencement of 
the experiment became from 1 to 2 degrees subnormal during the period of shock 
On the afternoon of November 12 and during the night of November 12 and 13 
it rose 1 to 2 degrees above normal It had returned to normal by the morning 
of November 13 and remained so thereafter 

The blood pressure reached its height the night of November 12 From that 
point it gradually fell, regaining normal limits by No\ ember 19 

6 30 a m The patient w’as given a dose of magnesium sulphate 

8 15 a m The patient stated that he spent a restless, sleepless, miserable 
night, perspiring freely and troubled bj muscular pains and chilly sensations 
Two tablets of a barbital derivative with amidopjrine gave no relief Several 
hot baths were given for relief of pain On one occasion the patient stated that 
he became so upset mentally that he was afraid if firm control was not exercised 
he would go insane Following this % grain of morphine was given h> podermicallj 

In the morning the patient complained of severe pains in the lumbar region 
and legs, the face had a swollen, puffy appearance, the eyes were red and watery, 
the abdomen was tense with slight epigastric tenderness 

9 30 a m The urine showed a trace of albumin, a few pus cells, maiij red 
blood cells, epithelial cells and 25 blood and 5 granular casts under low power 
magnification The white cell count was 19,150 with 77 polymorphonuclears, 18 
lymphocytes and 5 per cent monocj tes 

(The polymorphonuclear leukocytes had returned to normal bj November IS 
No significant variations were noted in the erjthrocvte counts or hemoglobin 
content Unfortunately no counts were made during the stage of shock and no 
chemical studies were made on the blood ) 

4 10 p m The patient complained of pains in the back and legs, and of 
weakness and chilliness , the face was flushed and swollen , the tongue was heavilj 
furred, and the breath was foul , the abdomen was tense , tremor of the hands 
and a papular eruption on the inner surface of the bitten finger and along the 
ulnar side of the hand were present , the patient had passed sev'eral liquid stools 
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8 00 p m The patient’s condition was much improved, rheumatoid pains 
111 tlic legs were now the chief complaint, he had drunk large quantities of orange 
juice all day and perspired freely 

November 14, 8 00 a m The patient stated that he passed a very restless 
night , he ate toast and grapefruit for breakfast 



Fig 4— Clinical chart depicting the variations m blood pressure and in pulse 
and respiratory rate recorded during this experiment The onset and duration of 
the three stages as observed in this case are depicted 


12 00 a m He stated that he was feeling much better, the chief com- 
plaints were rheumatoid pains in the legs and feet, chilliness, sweating and weak- 
ness . the face was less swollen, but the abdomen was still tense 
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2 00 p m The patient walked to the bathroom unaided, the urine showed 
a trace of albumin, manj' pus cells, a few red blood cells and a few granular casts 
under low power magnification 

(The urinary output was greatly reduced for the first five days following the 
bite The effect on the urinary output of the abnormal loss of fluid through 
intestinal and cutaneous elimination during this period must not, however, be 
disregarded The urinary output had returned to normal by November 18, 
coinciding with the cessation of excessive sweating) 

November 15, 8 00 a m The patient stated that he slept at intervals during 
the night, the appetite was returning, rheumatoid pains in the legs and feet, 
chilliness and sweating of the legs and feet were the chief complaints , the abdomen 
was no longer tense and the face no longer swollen, the urine showed no albumin, 
lew red blood cells, leukoc\tes, epithelial cells and numerous hyaline, granular 
and leukocytic casts 

11 00 a m The patient w'as removed to his home by ambulance, he spent 
the remainder of the da} in bed 

Fmal Ft ogress Note — From that time on recover} w'as rapid The pain in 
the bitten finger had disappeared by the e\ening of the second day following the 
bite A small, slightly tender, red papule was present at the site of the bite for 
two weeks, then disappeared The rheumatoid pains in the legs and feet had dis- 
appeared b} November 20 Slight edema of the ankles was noted the first few 
days on moving about Urinahses became normal on November 18 Generalized 
pruritus was present for some time, and desquamation of the hands and feet con- 
tinued for about three weeks All the signs and symptoms had, however, dis 
appeared by November 20 Subsequently the health of the patient has been 
excellent No sequelae have been noted to date (Februar} 15, 1934) 

COMMENT 

A stud} of the clinical pictuie in this case indicates three well 
defined stages in its development Lymphatic absorption of the injected 
venom, as evidenced by the pioximal progress of pain along the lines 
of Ivmphatic drainage, constitutes the first stage It is characterized 
bv pains in the bitten finger and in the arm and by the absence of 
general systemic effects 

Passing through the axillary l}mph glands, the v'^enom reaches the 
blood stream via the efteient axillary lymph channels, the subclavian 
lymphatic trunk and the subclav'ian vein This ushers in, secondly, the 
stage of vascular dissemination which is chaiactenzed, clinically, by the 
explosive onset ot widespiead agonizing muscular pains and a condition 
of piofound shock This was, m this case, the most painful and critical 
stage, and yet no mention of a period of shock m this condition has so 
fai been encounteied m the literature Two possibilities may account 
for this disci epancy 1 All persons bitten may not receive a quantity 
of venom sufficient to induce the degree of shock obtained in tin® 
case 2 The patient may have recov^ered from the condition of shock 
before coming under medical observation 
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1 he thn cl stage, liiat of elimination of the \ enom or its toxic products, 
commences ^\lth the rapid recocer\ from shock It is characterized, 
clinically, by h}pertension, diaphoresis, gradually diminished muscular 
pain, a slight rise of temperature, polymorphonuclear leukocytosis and 
urinary evidence of renal damage This clinical picture, coupled with 
the slight headache and edema of the face and ankles, is very suggestive 
of the development at this stage of an acute (toxic) nephritis The 
damage to the kidneys probably results from the attempted elimination 
of the venom oi its toxic products by that route 

The condition of shock, characteristic of the second stage, suggests 
the possibility of the presence of a histamine-hke ingredient m the 
venom of tlie spider Latrodectus mactans Such a possibility is further 
suggested by the secretagogue action (salivation and lacrimation), evi- 
dence of contraction of the bronchial and intestinal musculature and 
symptoms of acute prostration and collapse u Inch have been noted in 
certain animals bitten by this spider It is of interest that certain 
histamme-Iike properties of another secretion, crotahn (rattlesnake 
\enom), have been obser\ed experimentally^^ 

The question as to whether the agonizing muscular pains may play 
a part in the production of shock must also be considered It is note- 
worthy, however, that the blood pressure had commenced to fall prior 
to the development of the acute muscular pains 

Althougli the moitality rate in this condition is low, I believe, as a 
lesuit of my experience, that the possibility of a fatal outcome should 
by no means be disiegarded The second stage is to be regarded as the 
most critical, particularly in persons with conditions such as diabetes, 
chronic cardiac disease, alcoholism or lenal disease, which predispose to 
sliock 

The development in man during convalescence of any degree of 
immunity to the venom of this spider remains unproved I was presented 
with the opportunity of deciding this point, but lacked the courage to 
submit myself to a possible lepetition of the first experience Degrees 
of immunity to the bite of this spider can be developed in animals 
and, on the assumption that man reacts likewise, convalescent serum has 
been used thei apeuticalH The results so far obtained are, however, 
inconclusive 

Lacking the histoiy of a spider bite, or an acquaintance with the 
clinical picture which it may produce, one might well be excused for 
mistaking the symptoms for one of several acute conditions Thus a 
perfoiated peptic ulcer, acute pancreatitis, ruptured ectopic pregnancy, 


20 Troisc^i^ Blair 

21 Essex, H E , and Markowitz 
Action of Crotahn and Histamine, '\m 

22 Baergi2 Blair 


J A Comparison of the Physiologic 
T Physiol 92 705 (April) 1930 
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tabetic Cl ISIS, luptured appendix with generalized peiitonitis and renal 
01 biliary colic may be considered in arriving at a diagnosis Similarity 
between the clinical picture presented m poisoning by this spider and 
perfoiated peptic ulcer, particularly, has subjected the patient, on more 
than one occasion, to the added iislc of surgical inteivention 

TREATMENT 

Rational theiapeutic measures m combating the effects of the venom 
injected by the bite of Latiodectus mactans should recognize the fol- 
lowing points 1 The reaction is due to the instantaneous injection, 
thiough a very minute skin puncture, of small quantities of venom, fol- 
lowed by lapid lymphatic absorption 2 The subsequent vascular 
dissemination of the venom throughout the body may result m the 
development of a condition of shock 3 Recoveiy involves the neutral- 
ization or elimination of the injected venom 4 The development of 
an acute nephritis m the latei stages is indicated 

The minute skin punctures, the rapid absoiption and the small 
amount of venom capable of producing such a severe reaction in man 
make it unhkel} that local applications can exert any appreciable neutral- 
izing effect on the injected venom A sharp “X” incision through the 
site of the bite, if made in the first few minutes after the accident, 
piobably offers the best possibility for an eaily elimination of the 
^ enom 

Treatment of the shock as seen in the second stage of this condition 
involves the use of the accepted means for countei action Thus, the 
adoption of measures tending to a restoration of capillaiy tone and 
blood volume are indicated, while the use of caidiac stimulants is con- 
traindicated The use of large doses of alcohol for the relief of pain 
is to be condemned, in view of its tendency to accentuate and prolong 
the much more serious condition of shock For the same reason, 
morphine, in the notoriously high dosages found necessary for relief 
of the associated agonizing muscular pains, should, at this stage, be 
used with caution In my case immeision m a hot bath ga\e immediate 
and marked relief from pain It may be merely a happy coincidence 
that it also maiked the termination of the period of shock and the 
initiation of a progressive general improvement Baerg also remarked 
on the relief given by frequent hot baths, and it is said that m Russia 
baths are used extensively m the treatment of the bite of the closely 
allied species, the "Karalcurt,” found m that country 

In view of the clinical indications of the development of an acute 
nephiitis, treatment during the thud stage should be directed to giving 

23 Carrington, G L Bilateral Diaphragmatic Pleurisy Simulating Per- 
forated Gastric Ulcer, J A M A 88 1395 (April 30) 1927 Bogen®' 
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rest to the kidncjs On the assumption that the damage to the kidney 
arises during the elimination of the venom or its toxic products, the 
adoption of measuies tending to aid in their possible elimination by 
other routes is indicated The patient should be placed in a warm, well 
ventilated room, betw een woolen blankets and surrounded by hot watei 
bottles Frequent hot baths should be given An intake of fluid sufflcient 
to satisfy the patient’s thirst should be encouiaged, but in view of the 
damage to the kidneys fluids should not be foiced Foi the relief of 
pain and to secure rest, morphine may, at this stage, be used even in 
faiily high dosage Spinal puncture is said to give consideiable relief 
in many cases 

The use of specific antivenins and convalescent serum in this con- 
dition must auait the collection of further clinical and experimental data 
befoie the theiapeutic value of these agents can be safely estimated 

CONCLUSIONS 

1 Tlie Aenom injected by the bite of the adult female spidei, 
Latrodectus mactans, is dangerously poisonous foi man 

2 The development of the ensuing clinical picture may be divided 
into thiee stages, of which the second, that of shock, is the most critical 

3 The sequence of symptoms following the injection of venom by 
Latrodectus mactans is sufficiently characteristic to entitle it to recog- 
nition as a clinical entity in the field of general medicine 

University of Alabama 



LIFE HISTORY OF LATRODECTUS MACTANS 


A W BLAIR, MD 

UMVERSIT\, ALA 

In spite of the clinical importance of the bite of the Latrodectus 
inactans no complete study of its life history has so far been made In 
view of this fact and since it is the only spider found m this country 
the bite of which has definitely been proved capable of causing severe ^ 
and, in some cases, fatal ^ systemic leactions m man, observations on its 
life history are of interest The observations presented are based on a 
two year study of this spidei as found in the vicinity of Tuscaloosa, 
Ala It includes obseivations of the spidei both in its natural environ- 
ment and as raised in captivity 

APPEARANCE 

The full grown female Latrodectus inactans (fig 1, G and H) has 
a large, globose abdomen attached by a slender pedicle to the much 
smaller cephalothorax The body of an average-sized adult female is 

inch ( 1 27 cm ) in length The abdomen is inch (0 95 cm ) in 
length and practically the same in width in the posterior third When 
distended with food or eggs it overhangs the cephalothorax The 
cephalothorax is inch (0 32 cm ) in length and approximately the 
same m width at its broadest point The slender, pointed legs when 
fully extended have a span of from 1^2 to 2 inches (3 81 to 5 08 cm ) 
Laterally, they have a spread of to 1^ inches (3 81 to 445 cm ) 

The legs and body are a glossy black and as seen under the micro- 
scope are covered with short black hairs On the ventral surface of the 
abdomen there is a iich red marking (fig 1 H) consisting of a rect- 
angular bar from the center of which rises an inverted triangle It is 
shaped somewhat like an hour-glass and stands out in striking contrast 
to the surrounding black Dorsal to the spinnerets in the midline of 
the convex surface of the abdomen is an additional red marking (fig 
I H) These two markings constantly seen on the otherwise shiny black 
body are characteristic of the adult female and readil}’’ serv^e to distinguish 
this from othei species of spiders In immature females a broken row 

From the Department of Pathologv and Bactenolog>’’, School of Medicine, 
University of Alabama 

1 Baerg, W J Effect of Bite of Latrodectus mactans (Fabricius), J 
Parasitol 9 161 (March) 1923 Blair, A W This issue, p 831 

2 Bogen, Emil Arachnidism, A Study m Spider Poisoning, JAMA 
86 1894 (June 19) 1926, Arachnidism, Arch Int Med 38 623 (Nov) 1926 
Poisonous Spider Bites, Ann Int Med 6 375 (Sept) 1932 
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of red spots up the niidhne of the back is a constant finding With the 
exception of the one aboie the spinnerets these gradually become 
suffused with black pigment and eAentuall> disappear, though traces ot 
them may remain in an apparently full grown female (fig 1 i^) 

HABITAT 

The species Latrodectus mactans is found in North, Cential and 
South America from New Hampshiie south through Central Ameiica 
and along the west coast of South Ameiica to Tierra del Fuego Of 
particular interest, however, is its widespread distribution throughout 
the southern half of the United States It is veiy common throughout 
central Alabama In this region the spiders are found in the angles 
between the roots of trees, beneath rocks, aiound old stumps, in holes 
in the ground and around houses and outbuildings They have been 
found 111 the greatest numbers in the vicinity of human habitations 
Occasionally they have been found in dark corners and m clothes closets 
111 dw'ellmgs In geneial they prefei dry, dimly lighted places 


WEB 

The w^eb is so distinctive that once it has been seen it may be recog- 
ni 7 cd again at a glance It is composed of veiy irregularly arranged, 
coarse threads which crisscross at various angles and in different planes 
It is always found built m i elation to a cievice or corner into which the 
spider, frequently by means of a poorly formed tunnel of silk, hurriedly 
letieats when disturbed The w^eb is relatively very stiong and serves 
to entangle insects man}' times the size and weight of the spidei On 
many occasions I ha\e obseived laige wood and water beetles and, in 
one case, a young mouse becoming entangled, swathed in silk and sus- 
pended m the web by these spiders The w'eb spun by the male is 
ahvays smallei and weaker than that of the female 


FEEDING HABITS 

When an^nsect becomes entangled in the web of the Latrodectus 
mactans, the spider, if not already fed to satiety, rushes out into the web 
to the immediate vicinity of the struggling victim It then turns its 
back and, keeping at a safe distance, commences enswathing its prey in 
a mantle of silk This is accomplished by the use of the long hind- 
legs which, in a rapid, alternate fashion, pull forth strands of silk from 
the spinnerets and cast them over the struggling insect In the early 
stages of the stiuggle Mscid silk^ is used, which by its viscosity and 

3 Viscid silk, a transparent semifluid material, is characteristic of the familv 
Theridiidae It is thrown over the Mctim by the comb on the hind tarsi and is 
supposed to be derned from the lobed silk glands which haxe been found onh 

in dns famih (Comstock, ) H The Spider Book, Neu York, Doubledax, Page 
«S. Compam, 191o, p 333) \ - b 
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elasticity prevents any immediate escape The victim’s movements hav- 
ing then been fuithei hampered by the addition of strands of finei 
silk, the spider appioaches and seeks a point at which it may insert the 
claws of its chehcerae This may be m the leg, the antenna or the body 
of the victim The claws having been inserted and the venom thereby 
injected, the spider letires to await the lesult In the space of a few 
minutes the struggles cease The spider leisurely returns, completes 
enswathing the victim m silk and hoists the body to the desired position 
in the web Fastening its mouth parts to some portion of the body the 
spider then proceeds to suck the body fluids A small insect, such as 
a fly, may be sucked dry in a little over an hour A larger insect, such 
as a water beetle, may be fed on for a day or two The dry, skeletal 
husk is then cut out and dropped from the web The abdomen of the 
spider after feeding may be twice its oiiginal size 

These spideis are capable of going without food foi over a month 
uith no recognizable harmful effect Their fluid requirements are sup- 
plied by the body fluids of their victims They seem to prefer to feed 
at night, though when hungry they feed at any time They do not attack 
or feed on insects immediately pieceding, during or immediately fol- 
lowing a moult On its completion they are, however, voracious and 
feed until the abdomen swells up to double its previous size While 
awaiting their prey they aie usually found hanging m their web with 
the ventral surface uppermost They are cannibalistic, feeding on each 
other whenever the opportunity presents itself The common nickname 
“black widow” given to the female of this species arose from her habit 
of captuiing and feeding on the much smallei male 

MATING 

Though the actual process of impregnation has not been observed 
it apparently occurs in the fall or early in the spring This conclusion is 
based on two facts First, mature males aie most plentiful in the fall, 
becoming progressively less so during the following winter, spring and 
summer Second, many females captured in the fall and kept alone in 
captivity over the winter lay fertile eggs the following spring This 
suggests that, m most cases, the male impiegnates the female in the fall 
and then dies or is killed during the follo\Mng winter and spring 

EGG SAC 

The egg sac is a globulai or pynfoim case of silk (fig lA) m 
which the eggs are loosely deposited The laying of the eggs and the 
formation of the egg sac invariably took place at night As a consequence 
the first steps m the formation of the egg sac have not been observed 
In the early stages, however, it consists of a delicate, tiansparent mesh 




Fig 1 —A, egg sac , reduced from X 1 B, eggs, first day after laying, show- 
ing speckled appearance, reduced from X 10 C, eggs, seventh day after laying, 
showing ^^hlte discoid formation , reduced from X 10 D, eggs, tenth day after laying, 
showing formation of cephalothorax In some eggs the envelopmg membrane has 
split, and the legs are beginning to emerge, reduced from X 10 E, spiderhngs 
emerged from egg membrane, eleven daj-^s after laying, reduced from X 10 F, 
dorsal Mew of a large female w'liich, although almost full grown, still has the 
red markings up the midline, reduced from X 1 G, dorsal view of adult female 
showing the characteristic gloss 3 % solid black appearance, reduced from X 1 
11, ^cntral mcw of adult female showing the characteristic red markings on the 
under surface of the abdomen , reduced from X 1 I, dorsal view of adult male 
Note the size relati\e to that of the adult female, the clear bands on the legs, 
the anteriorlj placed genital bulbs and the characteristic abdominal markings, 
reduced from X 1. 



2 — Senes of spiderhngs to demonstrate color de\ elopmcnt A, spiderling 
just prior to the second molt about the time of emergence from the egg sac, 
reduced from X 20 B, spiderling twenty-one days later, just prior to the third 
molt At this time no distinction between male and female could be discerned, 
reduced from X 20 C, dorsal view of spiderling immediately after the fourth 
molt The tibias of the palpi arc now swollen to form the genital bulbs indica- 
tive of a male The color markings of both male and female spiderhngs at this 
period arc, however, the same These markings remain in the male but are lost 
in the female, reduced from X 20 D, ventral view of spiderling as seen in C, 
showing color marking common to both male and female, reduced from X 20 
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of bilk tiuough ^vhlch the enclosed mass of eggs may be seen The wall of 
the sac IS then thickened and rendered opaque by a closely kmt weave 
of fine Mscid silk The deposition of this viscid silk is accomplished by 
a rapid tapping action of the abdomen which brings the spmneiets 
situated at its tip into contact with the surface of the egg sac The 
viscid silk hardens on drying, fixing the contour of the sac and pioduc- 
mg an outer semirigid wall The whole process from the laying of the 
eggs to the completion of the egg sac occupies less than twenty-foui 
hours The coloi of the egg sac is usually a cieamy white when fiist 
foimed, but daikens to a light tan with age It hangs firmly suspended 
m the web by silken cords The mother is usually found close by, with 
one or more legs placed protectmgly on its surface 

The female Latrodectus mactans does not die after laying a mass 
of eggs and forming an egg sac If well fed she may form a second 
egg sac filled with fertile eggs within nine days of the first One female 
formed three egg sacs while under observation in captivity Since one 
egg sac may contain over six hundred fertile eggs, the number of 
spiderlings which may arise from one female may number thousands 
There is wide variation in the size of the egg sacs and the number of 
eggs contained 

EGGS 

The eggs are lound, translucent and approximately 1 mm in diameter 
(fig IB) The color of the eggs varies from a creamy white to a pale 
mauve The cause of this variation was not determined and has no 
apparent significance foi the course of future development The eggs 
have a hai d covering pi otectmg the semifluid content and when dropped 
on a haid suiface bounce and roll with no apparent injury The number 
of eggs laid at any one time varies from less than one hundred to mote 
than SIX hundred The chief egg-laying season is spring and early sum- 
mer, though so long as the weather remains warm, fresh egg sacs con- 
tinue to be formed by newly matured females 

The eggs of Latiodectus mactans are very poisonous Two eggs 
ciushed and emulsified in a diop of saline solution were found sufficient 
to kill an adult white mouse when injected intrapentoneally A few drops 
of a saline emulsion of eggs injected intravenously kills a rabbit m two 
minutes 

DEVELOPMENT 

The eggs when first laid are speckled with flecks of a white flocculent 
material (fig IB) lying in the semifluid egg contents immediately 
beneath the transparent egg covering During the next few days this 
material coalesces to form a white, discoid mass near the upper surface 
of the egg (fig 1 C) Approximately ten days after the eggs have been 
laid this mass suddenly enlarges and projects as a knob from the globular 
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suiface ot the egg The membranous coveimg of the egg becomes 
wrinkled m this region, and beneath it the outlines of the cephalothorax 
and appendages become clearl}^ discernible By the following day the 
enlarging cephalothorax has split the membranous egg covering (fig ID) 
The split enlarges, and in twent3'-four hours the spiderhng emerges 
(fig IE) During the hot summer weather ten or eleven days is the 
a^erage period for hatching Cold weather, however, lengthens the 
period, and if the cold is sufficiently severe or prolonged, hatching may 
nevei occur 

Subsequent development of the newly hatched spiderlmgs is marked 
by a series of moults accompanied by a gradual increase in size and in 
pigmentation The early modification of the palpi to form secondary 
sex organs serves to difterentiate the male from the female 

After hatching the spiderlmgs remain in the egg sac There they 
undergo their first moult approximately five days later Prior to this 
movements are feeble, hairs are absent, and pigmentation is scanty Fol- 
lowing the first moult the spiderlmgs become increasingly active and 
finally, after making a pinhole opening m the egg sac, emerge one by 
one, spinning a fine web as they go In warm weather this process takes 
place about twenty-five days after the eggs are laid The second moult 
takes place outside the egg sac a few days after the spiderlmgs have 
emerged When they first emerge from the egg sac they cluster in 
their finespun w'eb, but after the second moult they commence to sepa- 
rate and seek a home for themselves 

Prior to the second moult nourishment for their growdh is provided 
by that already present m the globose abdomen After the second 
moult, how'ever, this source is depleted as evidenced by the shrunken 
abdomen, and they commence to attack and to feed on one another 
unless more accessible food is a\ailable The mother of the brood 
makes no attempt to provide them wnth food and may herself feed on 
them The moi tahty rate is thus very high 

Six moults aie usually required for complete development The 
interval betw'een moults varies with the amount of food available In 
the early stages of development the food supply being nearly equal 
foi all the interval is correspondingly more uniform Later, however, 
the wide variations in the food supply of each spider produce a corre- 
sponding irregularity in the moulting intervals In the early stages 
the interval is usually from fifteen to tw'enty days, but later it may be 
a month or more 

The cephalothorax and appendages of the newl)'^ hatched spiderhng 
are crystal wffiite (fig IE) The globose abdomen may be creamy 
wffiite or reddish growm It is flecked w'lth wdiite flocculent masses 
which early become collected on the ventral surface, dowm the midline 
of the dorsal suiface and in stripes on the side of the abdomen As 
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growth proceeds an orange and later a red color appears in these 
regions 'I lie icst ot the bod) in the incannhile becomes gradually 
suffused nith a black pigment This pigment first appears on the 
region of tlic oculai tubercle, the region around the spinnerets, the 
tips of the chchcerae and mouth parts, down the midlme of the dorsal 
surface of the ceplialothorax and on the tips and joints of the appen- 
dages (fig 2 A and B) Prior to the fourth moult no indication of the 
sex of the spidcrlmg is furnished by the color markings or external 
structures Tlie coloi markings of the spiderlings are retained in large 
measure bj^ the adult male Thus the male has, m addition to the red, 
\entral, abdominal marking, common to both sexes, a row of orange 
red spots down the midlme of the dorsal surface of the abdomen, three 
orange-yellow side stupes on the abdomen and clear straw-colored 
bands on its legs (fig 17 and fig 2 C and D) All these color mark- 
ings arc likewise possessed by the immature female Later, however, 
they arc lost in a general suffusion of black pigment, only the ventral 
led marking and that over the spinneiet remaining in the adult female 
(fig 1 G and /f) 

At the fourth moult the tibia of the palpi of a male spiderling sud- 
denly expands to form a jellouish or olive green bulbous structure 
(fig 2 C and D) This swelling involves to a lesser extent the tarsus 
and the patella The tarsus appears as the pointed extremity and the 
patella as the expanded cap of the bulb After the fourth moult, 
tliough the color markings of male and female may be similar, the 
modification of the male palpi to form secondary sex organs serves as 
an infallible guide to the sex of the spider At the fifth moult the 
'^econdaiy sex organs of the male undergo a second remarkable trans- 
formation In place of a rounded bulbous structure a complex struc- 
(lue with a spiraled cuphke opening appears It is used for the 
storage and later the tiansference of seminal fluid to the spermathecae 
of the female at the time of mating With its appearance the male may 
be regal ded as an adult, though further increase of size occurs The 
deielopinent of these adult sex organs is attained m from two to three 
months The maturation of the male is someuhat more rapid than 
that of the female 

sp ^x or Lire 

Tlie life span of the lemale is approximately one year If hatched 
eail) in the spring the spiderlmg may, if the food supply is adequate, 
matin e by late summer, lue oier the u inter, lay its eggs the following 
‘'pi mg and die during the summer or fall 

The life span of the male is usually less than a } ear If hatched early 

in the spring it matures during the summer mates and dies during the 
fall or Vinter 
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DANGER TO MAN 

In man the bite of Latrodectus mactans is followed, with dramatic 
suddenness, by a characteristic and alarmingly severe systemic reaction ^ 
The full gioun female, particularly when distended with eggs, appears 
fiom experiments with animals, to be the most poisonous It is, however, 
a timid cieature and when disturbed makes every attempt to escape This 
explains the i datively small number of bites in spite of the prevalence 
of these spideis m this section When cornered or compressed, as 
between the skin and clothing, the spider bites in self-defense Bites 
about the genitals are frequent on persons using an outdoor privy across 
the seat of which one of these spiders has spun its web The frequency 
ith which "the black widow” is found around and m human habitations 
constitutes a potential danger The male, though also poisonous, may, on 
account of its size, greater timidity and scarcity, be ignored as an etiologic 
factor of any importance in arachnidism 

SUMMARY 

Latiodectus mactans is the only proved poisonous spider found in the 
United States No complete study of its life history has, however, so 
fai been made For the past two yeais a study of this spider as found 
in the vicinity of Tuscaloosa, Ala , has been made Observations, accom- 
panied by illustiations, on its appeal ance, habitat, web, feeding habits, 
mating, egg sac, eggs, development, span of life and danger to man are 
pi esenled 

University of Alabama 
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PERNICIOUS ANEMIA 

ULSLLTS or TRn\TMnNT OF TIIH NEUROLOGIC COMPLICATIONS 

ROY R GRINKER, MD 
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ERNESTINE KANDEL, MD* 

CHICAGO 


Tlie introdnclion of liver for the tieatment of pernicious anemia 
l)y Minot and Murpliy has provided an efficacious method of increasing 
the number of red blood cells and the percentage of hemoglobin to 
figures approaching normal, thereby relieving the geneial asthenic symp- 
toms and prolonging the lives of patients indefinitely The effect of 
liver on the neurologic complications of pernicious anemia also has 
been studied with great inteiest, but with the use of less ceitain criteria 
on which conclusions may be based The liteiature alieady contains 
icpoits of several studies earned out over long periods of time which 
seem to indicate both piophylactic and curative values of liver extracts 
on the neurologic complications However, some clinicians attributed 
an indirect action to the liver and suggested that the usual gain in 
general strength enhances the patient’s powers of compensation for his 
neurologic defects, while others denied any noteworthy change in the 
nervous symptomatology Perusal of the published data reveals an 
almost complete absence of adequate neurologic studies of patients over 
a long peiiod of time In many instances only one careful neurologic 
examination was performed, or observations before and after therapy 
vveie not made by the same examiner 

In 1927, Koessler and Maurer^ used a diet which was iich in vita- 
mins A, B and C for the treatment of pernicious anemia, but which 
was virtually liver treatment because from 100 to 250 Gm of liver was 
picsciibed daily to insure an adequate supply of vitamin A From the 
practice of one of us (R R G) 2 patients were leported in whom 
sti living impiovement occurred, so that they were able to walk after a 
fashion although the} had previously been bedridden Improvement 


'■ Douglas Smith Fellow 

Aided by a grant from the Josiah Macy Jr Foundation 
From the Division of Neurology and Neurosurgery and the Department of 
Medicine of the University of Chicago 

Read before the Section on Nerv ous and Mental Diseases at the Eighty-Fourth 
Annual SesMon of the American Medical Association, Jvlilwaukee, June 15, 1933 

.1 Maurer, S The Treatment of Pernicious Anemia 

with High Caloric Diet Rich in Vitamins, JAMA 89-768 (Sept 3) 1927 
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in strength and ability to get around was not accompanied by noteworthy 
change in the objective neuiologic status 

Bubert- reported a case frequentlj quoted as showing neurologic 
legeneration induced by the use of hvei The desciiption of the course 
of the nervous symptoms and signs included not only contradictions but 
also evaluations of the effects of therapy bj neurologists who had not 
examined the patient before The objective evidence of improvement 
consisted largely m the return of knee jerks, while at the same time 
the abdominal and ciemasteiic reflexes were lost, obviously suggesting 
not improvement but piogression of the lesion to the lateral tracts 
The case of Mason ® is another example of poorly controlled observations 
on the changing neurologic status, and yet it was used as evidence of 
possible improvement of cord symptoms bj treatment 

Richaidson'* lecoided 67 cases of pernicious anemia. 14 of vhich 
showed ataxia Seven of these he considered as showing severe coid 
changes “The patient’s statement as to his ability to get around and 
do his work was taken as evidence of improvement. e\en though the 
objective signs might still be present ” On this basis 8 patients with 
ataxia w'ere model atelv impioved and 2 show^ed no change Starr® 
reported 8 cases of combined degeneration of the spinal cord wdiich 
had been studied for thiee years On adequate liver therapy, with the 
blood count maintained at a high le\el, the condition in 4 cases remained 
stationaiy and showed no increase in neurologic signs A like number 
in which the blood count w as ahvay s low showed progressn e neurologic 
changes The conclusion w'as drawm that adequate hvei therap} may 
have a preventive effect on degeneration of the cord 

Minot and Muiphy,® in a discussion concerning 105 tieated patients, 
stated that it w^as their experience that neural symptoms de\ eloped in 
few patients leceiving theiapj and that no extension oi aggravation 
of a preexisting lesion occuried aftei one month of therapy They 
quoted 2 exceptions, cases m which the iinohement of the spinal cord 
was extreme but asciibed to neglect of diet “Of course changes in 
reflexes have remained piesent,” they stated Coordination of the 
extremities had distincth improved in man\ cases but Minot and 
Muiphy stated that although neuiologic impro\ement has occurred with 
liver therapy, the abilitj to walk after ha\ing been bedridden was prob- 

2 Bubert, H I\I Subacute Combined Sclerosis J A k 90 903 (March 
24) 1928 

3 Mason, E H Pernicious Anemia, T A A. 90 1527 (Mav 12) 1928 

4 Richardson, E Pernicious Anemia New England T Med 200 540, 1929 

5 Starr, P The Pre\ention of Spinal Cord Degeneration in Pernicious 
Anemia, J A M A 96 1219 (April 11) 1931 

6 Minot, G R , and Murphv, W P A Diet Rich in Ln er m the Treatment 
of Pernicious Anemia, T A M A 89 759 (Sept 3) 1927 
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:\))h due to jmi>ro\cmcnt of muscular strength from a continuous!} 
high let el of red blood cell‘d In summary the> stated “Improrement 
in neural s}mptom<^ has been most gratif>mg to the patient.’ and such 
symjiloms iiad not defmitch progressed oi de% eloped undei adequate 
ifutary treatment (200 Om oi more a da>) 

Smitliburn and Zeifas • reported a stud} of 115 cases of pernicious 
anemia The menial condition improved lapidh on liver theiap} 
altlioiigh ti few patients persisted in haring ideas of persecution over a 
period of sevcial months These woikeis obseired that no tendon 
tcflcxcs changed rrhile the patient was undei tieatment, except that in 
sevcial instances diminished reflexes disappeared entirely, but rrlien 
hyperactirc, the icflcxes remained so or became progressively woise 
Improvement was seen most fiequenth m paiesthesia Impiovement 
in ataxia, sphincteiic contiol and psychic changes was considered the 
icsull of lielterment of the musculai stiength and geneial condition 
due to the normal blood range, especiall} since m 13 cases ataxia uas 
unaccompanied by any other defect and was atti ibiitable to weakness 
lathei than to a cential lesion Davidson, McCrie and Gullard 
expiesscd the opinion that symptoms leferable to the nenous s}stem 
if of iccent date and in the natuie of mild paresthesia ma} complete!} 
disappeai Howevei, rvhen ther aie the lesult of actual destruction of 
the nerve tissue no cure can be expected 

Still gis, Isaacs and Smith’’ stated that in a senes of patients rvith 
pernicious anemia with signs and symptoms of combined or lateral degen- 
eration of the cold the admmistiation of hrer or Inei extiact pioduced 
no change in neurologic signs, although legeneiation of the blood fol- 
low'ed the usual couise Howerci, early signs of mvohement of the 
cold weie follow^ed by impiorement after tieatment wuth Inei and 
physical theiapy The lattci piocedure w'as designed to strengthen 
the muscles and develop then control Sturgis and Isaacs stated else- 
where that patients wnth paiesthesia aie often helped by liver and 
ventriculm theiapy "Tn geneial it may be concluded that improvement 
m the minoi neuiological S}mptoms frequently occurs, but in patients 
with more extensive imoKement the outlook is far less promising ” 

7 Smithhurn, K C. and Zerfas, L A Neural SMiiptoms and Signs .n 
Pernicious Ancmn, Arch Neurol & Psychiat 25 1100 (Mas) 1931 

8 Dasidson, G , kIcCne, J G, and Gullard G L The Treatment of Per- 
nicious Anemia Lner Diet Lancet 1 847, 1928 

9 Slurgic, C C , Isaacs R, and Smith, M The Treatment of Permciou'; 
Ancmn with Lner Extract, Ann Int Med 1 994, 1927 

10 Sturgis C. and Isaacs, R Clinical and Experimental Observation on 
the Treatment of Pernicious Anemia with Desiccated Stomach and with Lner 
Extract Ann Int :Mcd 5 131, 1931 
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In 1930, Baker, Boidley and Longcope^^ reviewed the histones of 
44 cases of pernicious anemia of which 39 showed evidence of involve- 
ment of the nervous system The patients were studied during varying 
periods of liver therapy ranging from six to forty months Improve- 
ment was reported in 61 5 per cent and no improvement in 36 per cent 
The percentage of improvement was much higher in a group of patients 
treated longer than six months Evidence of improvement cited included 
diminution of paresthesia, a change from ataxic to normal gait, a decrease 
in sphinctenc disturbances, the disappearance of spasticity, the recovery 
of cutaneous sensibility and a change in the Babinski response from 
positive to “improved ” Reduction in the quantity of liver ingested 
lesulted in the relapse of the organic neurologic signs 

Ungley and Suzman reported 61 cases of pernicious anemia with 
degeneration of the cord , 30 of the patients were treated with liver and 
compared with 31 who weie observed for two years prior to the “liver 
period ” Of the untreated patients none improved, 3 showed progres- 
sion and 28 died Of those treated with liver, 17 improved, in 8 the 
condition remained stationaiy or became worse, and 5 died Numbness 
and tingling disappeared in practically all cases The Babinski lesponses 
were lost in 5 cases, cutaneous sensation became normal in 8 and sphinc- 
teric disturbances disappeared in 6 The authors called attention to the 
phenomenal response of the neivous system to therapy on the twelfth 
day of the initial liver treatment This is, of course, the time when the 
increase in red cells manifests itself in increased general strength and 
power of the patient Nevertheless, the authors stated their belief that 
liver has a specific effect on the lesions of the coid caused by pernicious 
anemia 

Farquharson and Graham reported 18 cases exhibiting well defined 
signs of subacute combined degeneration They concluded that “ade- 
quate liver therapy has a specific effect on the nervous system lesions, 
arresting their progress in virtually all cases and causing marked 
improvement in large numbers ” Howcvei , complete recovery had not 
occurred aftei definite nervous manifestations, “but h\ei extract not 
only cuies the anemia but pre^ents the subsequent development of sub- 
acute combined degeneration of the coid It ariests the progress of 
existing nerve lesions and m many instances results in marked improve- 
ment of the nervous signs and symptoms, more particularly those of 

11 Baker, B M , Bordley, J, and Longcope, W T The Effect of Liver 
Therapy on the Neurologic Manifestations of Pernicious Anemia, Am J M Sc 
184L 1, 1932 

12 Ungley, C C , and Suzman, M M Subacute Combined Degeneration of 
the Cord Symptomatology and Effect of Liver Therapy, Brain 52 271, 1929 

13 Farquharson, M B , and Graham, D Liver Therapy in the Treatment of 
Subacute Combined Degeneration of the Cord, Canad M A J 25 237, 1930 
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relatively short duration ” Under the improved organic signs the authors 
included paresthesia, objective sensory changes in reflexes, ataxia and 
signs of disease of the pyramidal tract Progress of the neurologic 
defect was attributed to an insufficient quantity of liver (an adequate 
dosage was considered to be the juice from 1 pound [453 Gm ] of 
liver a day) The greatest improvement in neurologic signs and symp- 
toms occurred aftei the second month of therapy The authors did not 
agree that general improvement of strength could account for the sti iking 
impi overaent in the neurologic states of their patients 

The obviously conflicting reports concerning the effect of the feeding 
of liver on the neurologic complications of pernicious anemia stimulated 
us to oiganize a special clinic for the study of such cases at the Univei- 
sity of Chicago In the two and a half years of operation theie have 
been studied m our clinic over 50 cases of combined degeneration of the 
cord and numerous cases of pernicious anemia uncomplicated by neu- 
rologic lesions 

Most of the patients were first hospitalized foi a month and given 
Iivei extract or ventriculm in order to raise the blood count rapidly 
After discharge fiom the hospital, varying amounts of liver extract or 
the domestic extract of liver were given The term “adequate therapy” 
used throughout the paper is understood to mean a sufficient quantity 
of liver to maintain a normal blood level together with that feeling of 
vell-bemg peculiar to health This has at times meant a change in the 
amount of liver given, as indicated in the table as the average dosage 
foi the period Many patients during epidemics of colds required addi- 
tional liver, while several whose blood value had been slightly over the 
normal level complained of heaviness with an annoying hot sensation, 
requested a reduction in the intake of liver 

W e have in most cases not otherwise indicated given the lowest level 
of the red cell count for the period aftei the blood once reached normal 
limits The patients for the most part were able to maintain a red cell 
count within a few hundred thousand on either side of the accepted 
noimal limits 

Careful neuiologic reexaminations weie made at regular intervals, 
often twice a month or, as time went on, once a month The cases 
lepoited heie were selected from those of undoubted pernicious anemia 
showing variable degrees of anemia, an atrophic tongue, achlorhydria, as 
demonstrated by the histamine test, and a typical blood smear 

UNCHANGED CASES 

In the table aie outlined the essential neurologic data concerning 
19 cases of pernicious anemia with complications referable to the neiwous 
system The ages ranged from 37 to 73 years Among the findings 
were signs and symptoms referable to the posterior and lateial columns 
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and varying combinations of these The patients were treated with a 
pound of liver or a domestic extract of liver daily foi from six mont s 
to three years In all, the blood count and hemoglobin percentage weie 
maintained at a high level However, in none of these cases was there 
the slightest change in any sign of organic disease, including the great 
variety of signs which have been reported as improved undei theiapy 
by other observers 

In those in whom the blood count was low at oui fiist obseivation 
therapy resulted in a concomitant increase in geneial strength, but not 
the slightest effect on the neurologic signs was noted 


CASES PROGRESSING UNDER THERAPY 

The following cases are examples of progression m neuiologic signs 
and symptoms in spite of vigorous and conti oiled liver therapy consisting 
of a pound of fresh liver or its equivalent daily over periods ranging 
from SIX months to two years The case histones, briefly cited, indicate 
the nature of the signs and symptoms unaffected by the therapy and 
the new disabilities appearing during treatment 

Case 20 — A man, aged 67, was first seen on May 18, 1931, complaining of easy 
fatigue of one year’s duration He had some dizziness and dyspnea on exertion, 
but no neurologic complaints Examination showed a red cell count of 2,600,000, 
S3 per cent hemoglobin and many macrocytes, hyperchromasia and a polymorpho- 
nuclear shift to the right in the smear There was no free gastric acidity Neuro- 
logic examination gave a negative result 

Course — The domestic liver extract first used by Castle and Bowie (prepared 
from 1 pound of beef liver) was administered daily The blood count rose to 
4,100,000 red cells per cubic centimeter, and the hemoglobin to 75 per cent and 
finally to 92 per cent However, on Sept 26, 1932, the patient had marked 
numbness and tingling in the legs and marked disturbances in coordinate movements 
of the legs The patellar jerks were exaggerated, the Romberg sign was positive, 
and sense of vibration was absent below the knees Evidences of combined degenera- 
tion of the cord had developed while the patient was receiving adequate treatment 
with liver 


Case 21 —A man, 54 years of age, was first seen in June 1930 with the com- 
plaints of weakness, shortness of breath and numbness in the extremities of six 
months’ duration Examination showed a lemon-yellow color of the body, an 
atrophic tongue and achlorhydria The blood count showed 1,050,000 red cells, 37 
per cent hemoglobin, and anisocytosis, poikilocytosis, hyperchromasia and macrocytes 
in the smear Neurologic examination showed active deep reflexes, a positive 
Romberg sign and loss of vibratory sense below the twelfth dorsal segment 

Course— In twenty-six days ventriculin brought the red cell count to 3,600,000 
and the hemoglobin to 79 per cent Later, both the red cell count and the hemo- 
globin were within normal limits The equivalent of a pound of liver a day was 
used for two years and three months, but m spite of this, on Oct 14, 1932 there 
were found great spasticity in both legs, a bilateral Babinski sign and absent knee 


14 Castle, W B , and Bowie, M A A Domestic Liver Extract for Use 
Pernicious Anemia, J A M A 92 1830 (June 1) 1929 


in 
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and ankle jerks, although the blood count and percentage of hemoglobin had remained 
normal Serious progression had occurred under therapy 

Case 22— A woman, aged 47, entered the clinic in January 1931 after having 
symptoms of fatigue for three years, heaviness m the legs, numbness, tingling and 
uncertainty of the position of the extremities The red cell count was 4,080,000, 
the hemoglobin was 85 per cent, and in the blood smear macrocytes and a shift 
to the right were seen There was no free gastric acidity The patient had spastic 
paraplegia with exaggerated deep reflexes, positive Babinski and Romberg signs, 
a decreased sense of position in the legs and absent vibration sense below the 
twelfth dorsal segment 

Course — For two jears the patient faithfully took domestic extract from 1 
pound of liver a day and showed no improvement, but a slowly progressive increase 
in sensory symptoms The sense of position became more grossly disturbed in 
both legs 

Case 23 — A uoman, 51 years of age, entered the clinic on Oct 17, 1930, stating 
that for SIX months she had noticed an increasing weakness and change m color 
Examination showed a lemon-yellow color, an atrophic tongue, achlorhydria, a 
hemoglobin value of 87 per cent, and a red cell count of 4,360,000 There were 
macrocytes and a shift to the right in the blood smear Neurologic examination 
showed exaggerated patellar and achillcs jerks, a positne Babinski sign on the left 
and definite spasticity of the legs Vibration was not felt below the twelfth 
dorsal segment and the sense of position was disturbed in the legs, so that the gait 
was that of spasticity plus ataxia 

Cow sc — At first, SIX vials of liver extract and rest in bed for three \\eeks were 
prescribed, and then domestic extract of 1 pound of liver a day was taken con- 
tinuously, with the exception of two months, for fifteen months Yet on April 3, 
1931, the patient’s ataxia was increased, the feet were uncontrollable and she struck 
one ankle with the otiicr on walking Sewing was impossible A constricting 
sensation appeared about the knees, and numbness increased The exaggeration of 
deep reflexes was increased, and patellar and ankle clonus were elicited Vibration 
was then absent below the seventh dorsal segment On October 5, the Babinski 
sign was bilaterally positne and the symptoms referable to the lateral and posterior 
columns were worse 

Case 24 — A woman, 48 jears of age, entered the clinic on Feb 11, 1931, com- 
plaining of weakness of one year’s duration (during which time Lilly’s liver extract 
had been taken) and tingling and numbness in the feet and hands for three months, 
with some difficulty m walking On entrance the red cell count was 3,200,000 and 
the hemoglobin 63 per cent In the blood smear a shift to the right and macro- 
cytosis were found There was no free acid in the gastric contents, and the spleen 
was barely palpable The deep reflexes were reduced and the ankle jerks absent 
A positive Romberg sign was elicited, and vibratory sensation was absent below 
the fourth lumbar segment The skin of the lower extremities was liyperesthetic 

Course — For three weeks from six to nine vials of Lilly’s li\er extract were 
taken daily, bringing the blood count to 5,000,000 and the hemoglobin to 90 per cent 
Then a pound of liver was given each day in the form of domestic extract, so 
that at the time of this report the patient had been receiving adequate Iner treat- 
ment for twenty-three months In spite of this treament, on Dec 2, 1931, vibraton 
sense was decreased, the disability extending to the twelfth dorsal segment Sense 
of position and coordination became affected, so that she could walk only with 
difficulty On Oct 24, 1932, the patellar reflexes were exaggerated, but the ankle 
jerks were still absent Progression had occurred in the sensorv sphere, and 
signs referable to the lateral tract had appeared 
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Case 25— A man, aged 60, had noted anorexia, dizziness and weakness for 
two months, associated with the sudden onset of burning of the tongue and a 
yellow skin Examination on Nov 2, 1931, revealed no free gastric acidity, a red 
cell count of 1,580,000 and a hemoglobin content of 56 per cent The deep reflexes 
were reduced, sense of vibration was diminished below the iliac crests, and the 
skin of the legs was hyperalgesic Sense of position was impaired in the toes, 
and the Romberg sign was slightly positive With the use of Lilly’s liver extract, 
nine vials a day, the red cell count was brought up to 4,000,000 and the hemo- 
globin value to 85 per cent in fifteen days, and they remained at this level One 
pound of domestic extract of liver was used each day for fourteen months In 
spite of this, on June 10, 1932, the patient had greater difficulty in walking, the 
Romberg sign was grossly positive, and the vibratory defect had ascended to the 
level of the seventh dorsal segment 

Case 26 — A man, aged 43, entered the clinic on Aug 28, 1931, complaining 
of dyspnea, weakness, ease of fatigue, heavy sensations and numbness of the 
hands and feet, a sore tongue and impaired appetite for about six months Exam- 
ination showed an atrophic tongue, an enlarged spleen and pitting edema of the 
ankles The red cell count was 2,200,000, and a smear showed amsocytosis, poikilo- 
cvtosis, macrocytes and a shift to the right, the hemoglobin was 45 per cent 
No free gastric hydrochloric acid was shown by the histamine test The deep 
reflexes were all reduced , the Babmski response was negative Sensation was 
normal except for reduced vibration sensibility in the lower part of the legs, and 
coordination was good 

Comse — A good response was obtained with Lilly’s liver extract, so that the 
led cell count was brought up to 4,400,000 and the hemoglobin to 84 per cent m 
two months, where they remained for the period of observation (fifteen months) 
Either domestic extract of 1 pound of liver or three vials of Lilly’s liver extract 
were used daily In spite of this, on April 8, 1932, the Babinski response was 
found to be bilaterally positive Since then no change in the condition has appeared 

Case 27 — A woman, aged 44, was first seen in Hay 1930, at which time she 
gave a history of loss of appetite, weakness, tingling in the hands and feet, short- 
ness of breath and a yellow color of fifteen months’ duration During this period 
liver therapy had been carried on under her physician’s direction Three weeks 
prior to admission the symptoms increased 

Examination revealed a pale yellowish skin, an atrophic tongue, an enlarged 
spleen and a rapid heart rate The deep reflexes were equal and lively , the super- 
ficial reflexes, present Sense of position and other sensory modalities were nor- 
mal, and coordination was good The Babmski responses were negative Mental 
symptoms in the form of irritability and a decrease in memory were noted The 
gastric contents contained no free hydrochloric acid, even with histamine The red 
cell count was 1,500,000 and the hemoglobin 30 per cent, the leukocytes numbered 
6,000 per cubic millimeter Blood smears showed marked difference in the size 
and coloring of the red cells and a shift to the right 

Cotirse — ^Four vials of ventricuhn were given each day, with a reticulocyte 
response of 48 4 per cent on the seventh day After three weeks the red cell count 
was 3,600,000 and the hemoglobin 70 per cent, later rising considerably more The 
mental symptoms and paresthesia entirely disappeared, but the neurologic signs 
were unchanged The dosage of ventricuhn, four vials a day, was continued, but 
in February 1931, ten months later, reexamination showed an increase in neurologic 
signs A bilaterally positive Babmski sign had appeared, and vibratory sense was 
reduced m the lower extremities In spite of this the blood count, hemoglobin 
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and general strength remained normal In December 1931, the patient returned 
after neglecting her treatment for three months, with a relapse m the blood picture 
but no increase m neurologic signs For the next twelve months she used the 
domestic extract of a pound of liver each day, with no change in her condition 
except the disappearance of paresthesia and a general feeling of renewed strength 

Case 28 — A man, 49 years of age, was admitted to Billings Hospital m 
September 1931, unable to walk About six months previously he had begun to 
have a sense of dizziness, and finally had to give up work because of a feeling 
of insecurity He was told that he had anemia, but was not treated until six 
weeks later when he went to a hospital, at which time he was given three vials 
of Lilly’s liver extract a day He improved and left the hospital after four weeks 
After using liver extract, three vials a day for six weeks, the amount was reduced 
to two vials and then only one a day was taken Six weeks previous to admission 
to Billings Hospital he began to have sensations of numbness and tingling over 
the hands and feet and lower part of the abdomen This disappeared in a few 
weeks, and he began to notice a change in his gait, for it became increasingly 
difficult to walk 

During examination the patient was easily confused, he w’as unable to think 
of w'ords, and his memory was poor The tongue was bright red at the margins 
and atrophic The liver and spleen were not palpable There was redness of the 
left buttock w'lth oozing from a few areas the size of a pinhead There was 
moderate muscular w'eakness throughout Spasticity was great and could not be 
o\ercome by force, there were ankle and patellar clonus The Babmski sign was 
present bilaterally, the abdominal and cremasteric reflexes were absent Verj 
slight defense reflexes were present There was a patchy preservation of the 
sense of pain in the legs, otherwise it was almost totally absent Hypesthesia 
and hypalgcsia were noted from the first lumbar to the fifth dorsal level, and there 
was hypesthesia of the hands and lower part of the forearms Vibratory sense 
w'as absent below the eleventh dorsal vertebra There were incoordination and 
loss of sense of position in the upper and lower extremities The flow' of urine 
W'as difficult to start 

The hemoglobin was 75 per cent, the red cell count 3,700,000, and the 
white cell count, 5,850 Smears show’ed anisoc>tosis and poikiloc 3 tosis w’lth a 
few macrocytes , regeneration of the blood seemed actn e There were polj - 
chromasia and an occasional nucleated red cell The urine showed albumin w'lth 
both white and red blood cells The Wassermann and Kahn tests ga\e negative 
results in both the blood and the spinal fluid The Ew'ald and histamine tests 
show'cd no free hjdrochloric acid 

Coin sc — ^After the obvious diagnosis of pernicious anemia with combined degen- 
eration of the cord was made, a liver extract which was not a potent substance 
W’as given for nine days There was an increase in the areas of redness over 
the buttocks, hips and heels Symptoms increased in the bladder and edema w’as 
beginning on the lower extremities Lilly's liver extract w’as administered first 
on Sept 24, 1931 Six vials were given each day In five days the reticulocyte 
peak was revealed at 11 per cent Smears show’ed more macrocytes, and there 
was a more definite shift to the right A septic temperature developed, and on 
September 29 an inlvmg catheter was inserted The hemoglobin w’as 60 per cent 
the red cell count, 3,100,000, and the white cell count, 9,800 From tins time on 
there w’as a progressive increase in all sj’mptoms, probably ow’ing to the infection 
Edema of the legs was marked, and there W’as a reduction of plasma protein to 
5 96 Gm per hundred cubic centimeters on October 19, 5 71 Gm on December 2 
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and 6 69 Gm on December 11 There was a steady decrease m hemoglobin and 
m the red cell count on liver therapy Decubitus ulcers sloughed increasing y, or 
which symptomatic treatment was given The sensory loss extended upward to 
the second dorsal level On December 12, the hemoglobin was 35 per cent, the 
red cell count, 2,000,000, and the white cell count, 21,000 Hypostatic pneumonia 
eventually de\ eloped, and the patient died on December 18, with no further change 


m objective neurologic findings 

Autopsy —There was acute suppurative pneumonia in the upper lobe of the 
right lung In addition there were hemorrhagic cystitis and pyelitis with gan- 
grenous urethritis and ulceratne involvement of the median lobe of the prostate 
There was extensive gangrenous ulceration involving tissues about the sacrum and 
both trochanters, and perforating gangrenous ulcers were seen over both heels 
There was a propagating thrombus in the right femoral and iliac vessels and the 
lower vena cava, distending and occluding them and extending upward into the 
vena cava and distally into numerous branches 

The peripheral nerves and nerve trunks showed no abnormalities The brain 
contained a few areas of focal perivascular atrophy The spinal cord was badly 
damaged throughout The myelin sheaths were degenerated m the posterior and 
lateral columns and the periphery of the cord, but there were focal areas every- 
where in the white matter in which the same process was apparent The axons 
and glia were for the most part destroyed in the same areas, leaving a spongelike 
structure of vacuoles in a reticular network of sparse glia fibers The recent 
lesions showed much fat in the vacuolated areas There was no evidence of 
gliosis in the lesions 


Case 29 — A man, 26 years of age, was admitted to the hospital complaining 

of weakness, shortness of breath, palpitation on exertion and loss of appetite with 

nausea over a period of six months, finally forcing him to give up work Exam- 
ination showed a pale, weak, icteric person The tongue was not atrophic Over 

the base of the heart there was a systolic murmur believed to be hemic The 

spleen was palpable, and the liver could be palpated at the costal margin 
Although the patient felt weak, motor strength was not decreased The blood 
tests showed hemoglobin, 25 per cent, red cells, 1,090,000, and white cells, 8,200 
The blood smears revealed marked macrocytosis, amsocytosis and poikilocytosis 
There was a definite shift to the right in the nuclei of the neutrophils, some of 
the cells showing as many as nine distinct lobes The Wassermann and Kahn 
reactions were negative No free hydrochloric acid was shown with the Ewald or 
histamine tests 


Coiase— The patient was given Lilly’s liver extract no 343 on Dec 2, 1929, 
three vials a day There was a 29 per cent reticulocyte count on the fifth day 
He was discharged after eighteen days, with a hemoglobin value of 65 per cent 
and a red cell count of 3,800,000 He walked briskly and felt well, and his appetite 
was enormous He was told to eat one-half pound of liver three times a week 
and to take two vials of liver extract a day The patient made frequent returns 
to the outpatient department and was always in a depressed, melancholic or irritable 
mood It IS doubtful whether the prescribed liver was taken, although he was 
visited frequently by representatives of the social service department who provided 
the liver The hemoglobin was rarely above 70 per cent, and the red cell count 
rarely was kept above 4,000,000 cells for more than a month at a time but the 
neurologic status remained normal In March 1931, the patient was studied for 
the first time in our special clinic The deep reflexes were active and equal and 
there was no clonus or Babinski sign Abdominal reflexes were present Coor- 
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dination and sense of position were normal, and there was no ataxia Vibratory 
sense was decreased over the lower extremities There were no objective or sub- 
jective sensory disturbances The tongue was atrophic and the spleen palpable 
The blood count at this time was 4,600,000 and the hemoglobin 92 per cent The 
smears showed merelj a shift to the right in the neutrophils The patient was 
given six vials of liver extract a day for three weeks Then three vials a dav 
were ordered until April 1931 At that time it was decided to give the patient 
a domestic extract His condition continued about the same, frequent neurologic 
examinations revealed no noteworthy change In February 1932, there was an 
infection of the upper respiratory tract which reduced the hemoglobin to 45 per 
cent, the red cell count to 2,200,000 and the white cell count to 8,000, although 
liver had been taken as directed At this time he was given 3 cc of Lederle’s 
liver extract intramuscularly for eleven doses over a period of thirty-nine days 
There ivas a prolonged low reticulocyte response, and at the end of thirty-nine 
days the hemoglobin was 60 per cent and the red cell count 3,100,000 In Ma> 
1932, after taking 1 pound of liver a day in the form of a domestic liver extract, 
the hemoglobin was 82 per cent and the red cell count 4,140,000 Neurologic changes 
had occurred ^\hIch were significant m the light of later findings The knee and 
ankle jerks were not elicited, but there w'ere no other abnormalities It was decided 
to give the patient light work in the hospital, so that he could be watched more 
carefully Intramuscular thcrapj w’lth Lederlc solution liver extract was again 
instituted An injection of 3 cc was gnen fi\e times in the next eleven days, 
and once a week thereafter, until the hemoglobin was 90 per cent and the red cell 
count 4,980,000 When examined on August 17, after he had been seen each week 
for some time, the patient reported that he had ne\ or felt so well , however, the 
knee jerks and ankle jerks were still absent, e\en wuth reenforcement Although 
the patient felt better than he had for the past two jears and had no subjectwe 
sjmptoms he had lost the knee and ankle jerks during a period wdien the blood 
was at a high lc\el 

CASES WHICH SHOWED APPARENT IMPROVEMENT IN 
NEUROLOGIC STATUS 

The following patients -were kept on adequate liver therapy for long 
periods of time and show'ed what might be interpreted as improvement in 
some phases of the neurologic syndromes Proper evaluation show's that 
the supposed improvement w'as in reality a progression of signs 

Case 30 — K white woman, aged 22, was seen for the first time on Jan 26, 
1931 For two years, at frequent intervals, she had felt restless and nervous In 
July 1929, she was cut on the right temple, right and left eyebrows and legs in 
an automobile accident In two weeks she returned to work Weakness of the 
legs and ankles then became evident There w'as dull aching in the feet, with 
some puffiness which was relieved by rest In November 1929, constipation was 
marked, and there was bright red blood in the stool, so that a diagnosis of hemor- 
rhoids was made In the year previous to our first observation there was some 
disturbance in the sensation of the legs, for the patient felt as if she were walking 
on “felt ” Numbness and tingling were noted together with w'eakness in the 
ankles and legs There had been a loss of 15 pounds (6 8 Kg), with considerable 
loss of strength in the last few years 

The pupils reacted to light and in accommodation The liver and spleen were 
not palpable, and the tongue was not atrophic The upper reflexes were hvper- 
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active and the abdominal reflexes present, but knee and ankle jerks were absen 
The Babinski and Romberg responses were both negative Sense of position and 
coordination were disturbed in the lower extremities Vibratory sense was mark- 
edly diminished below the tenth dorsal segment and tactile discrimination and sensa- 
tion were impaired over an area between the knee and the midcalf bilaterally This 
examination was checked by several members of the neurologic department 

The Wassermann and Kahn reactions of the blood were negative on two occa- 
sions, and the spinal fluid also gave negative reactions to these tests The urine 
was normal There was no free hydrochloric acid according to the Ewald and 
histamine tests The hemoglobin was 85 per cent and the red cell count 4,300,000, 
smears showed none of the typical changes of pernicious anemia except slight 
hyperchromasia and a few toxic neutrophils 

CoMse — ‘A diagnosis of pernicious anemia with degeneration of the posterior 
column without anemia was made The patient was ordered to take 1 pound of 
domestic liver extract a day She was seen several times in the next three months, 
and showed no change m neurologic findings except m the development of hyper- 
algesia over the lower extremities from the knees down When she was next 
seen, in April 1932, four months after the first visit, the patellar jerks had returned 
and were markedly active All other findings were as before, including the change 
m deep sensation This, then, is a definite case of progression in the lateral 
column, and will be discussed later in the paper The blood continued to be 
normal The patient felt better subjectively and had no complaints 


Case 31 — A woman, aged 70, was first seen by us on Sept 9, 1931, with the 
story of two years of ill health, the condition having been diagnosed as pernicious 
anemia, during this time irregular and insufficient treatment with liver had been 
given The disease had begun with tingling and numbness of the hands and feet, 
but during the past year she had had marked uncertainty in walking and had 
fallen several times The patient noted a marked generalized progressive weak- 
ness The red cell count was 3,500,000 and the hemoglobin 78 per cent Accord- 
ing to the histamine test there was no free acid in the gastric contents Neurologic 
examination revealed marked impairment of the sense of position in the 
lower extremities below the knees The deep reflexes were all reduced and the 
achilles jerks absent The Babinski sign was negative, the Romberg sign, positive 
Course — After taking domestic liver extract, 1 pound a day, the patient became 
stronger, the red cell count rose to 4,500,000 and the hemoglobin to 89 per cent 
In spite of this improvement the defect m vibratory sense ascended to the fifth 
dorsal level, and spasticity appeared in the lower extremities 


Case 32— A man, aged 45, entered the clinic on Feb 13, 1931, complaining 
of weakness and numbness and tingling in the legs of one year’s duration In 
the last four months fatigability had become progressive, and he found himself 
stumbling when walking in the dark Hyperalgesia of the finger-tips developed 
For eight months he had been given arsphenamine intravenously on the assumption 
that the condition was tabes dorsalis 

Neurologic examination revealed slightly irregular pupils which responded well 
to light and in accommodation General muscular strength was diffusely decreased 
The gait was spastic, and tone in the lower extremities was increased The knee 
jerks were exaggerated and the ankle jerks absent, a bilateral positive Babinski 
sign was obtained The Romberg sign was positive, and coordinate movements 
0 the lower extremities were badly performed Hypalgesia was noted m the 
ovver extremities from the knees down, sense of position was poor in the legs 
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and vibratory sensibility was diminished or absent below the level of the tenth 
dorsal segment The superficial reflexes were present and lively The tongue was 
smooth at the edges, but no other somatic sign could be found Gastric analysis 
showed no free hydrochloric acid even after the injection of histamine The red 
cell count was 4,500,000 and the hemoglobin 87 per cent There was a shift of 
the neutrophils to the right, with anisocvtosis The Wassermann and Kahn reac- 
tions were negatne in both the blood and the spinal fluid on several occasions 

Cow sc — The patient was given treatment for pernicious anemia, consisting of 
domestic extract from 1 pound of liver a day The tired feeling and ease of 
fatigue rapidly improved, and the numbness and tingling gradually decreased In 
July 1931, an attack of pyelitis with a febrile reaction brought the red cell count 
down to 3,900,000 and the hemoglobin to 72 per cent, but the blood smears showed 
little change Aside from this period the patient’s strength remained good, allow'- 
ing him to return to w ork , the blood count and hemoglobin remained normal In 
spite of improvement in the general condition no change m the objectue neurologic 
findings was noted during the two jears of obser\ation, although persistent ade- 
quate liver therapy has been maintained 

Case 33 — A man, aged 58, had general loss of strength, tingling of the fingers 
and toes and intermittent attacks of yellow' coloration of the skin for three years 
In the autumn of 1929 he was compelled to gi\c up work, but the correct diagnosis 
of pernicious anemia was not made until Januarj 1930, after wdiich he was given 
two blood transfusions and insufficient li\cr therapv In September 1931, an 
unsteady gait de^ eloped, and in October mental symptoms appeared in the form 
of disorientation and confusion On admission to Billings Hospital on Jan 11, 
1932, he was disoriented and at times irrational His memory for recent e^ents 
was poor, but for past events good, and his statements concerning the historj' were 
reliable 

Neurologic examination revealed a fine vertical instagmus and slightlj dimin- 
ished sensibilitj' to pin-pnck on the right side The deep reflexes were all hveh 
and the abdominal reflexes absent There were a bilateral unsustained ankle 
clonus and a bilateral Babmski response Coordination and sense of position were 
poor in all the extremities, and there was a marked coarse ataxia of the arms and 
legs There was a marked generalized asthenia, so that the patient could hardlj 
stand or support his extremities against gravitv The result was that all move- 
ments were performed with wide oscillations in range 

The spleen was just palpable The red cell count was 2,400,000 and the hemo- 
globin, 50 per cent There were hj’perchromasia and manv macroev tes from 13 to 
14 8 microns in diameter Anisocjtosis and poikilocvtosis were noted, as well as a 
shift of the neutrophils to the right Even after the injection of histamine there 
was no free acid in the gastric contents 

Cow sc — Three vials of Lillv’s liver extract no 343 were given three times a 
day, causing a reticuloc 3 te rise to a peak of 11 per cent on the twelfth dav The 
rise in red cells and hemoglobin was slow, so that three doses of Lillv’s solution 
liver extract were administered intramuscularlv On Februarv 1, the patient 
became more oriented (the red cell count was 3,400,000 and the hemoglobin 66 
per cent) On Februarv 5, the patient was well oriented, the red cell count was 
3,800,000 and the hemoglobin was 68 per cent At this time the patient’s strength 
had so improved that his movements became steadier and smoother, but the 
finger-to-nose and heel-to-knee tests still showed some ataxia The Babmski 
responses and the Romberg sign vv'cre positive The clonus and sensorv findings 
were as before On April 18, with the red cell count 4,700 000 and the hemoglobin 
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105 per cent, the sense of position of the legs was evidently more disturbed The 
patient walked on a wide base, and the Romberg sign was positive The gait 
then was definitely spastic, and the reflexes were markedly exaggerated On 
May 15 the red cell count was 4,600,000 and the hemoglobin 104 per cent The 
gait was more spastic and the deep reflexes were more exaggerated This state 
continued, with the red cell count well over 4,500,000 and the hemoglobin over 
100 per cent During the year of observation the patient consumed the domestic 
extract of 1 pound of liver each day 

COMMENT 

In this patient, with severe symptoms for at least three years, inade- 
quately treated, there developed profound mental and neurologic symp- 
toms engrafted on severe weakness The mental symptoms quickly 
disappeared on rejuvenation of the blood, the weakness cleared less 
rapidly When strength returned, the striking motor disability disap- 
peared, but the neurologic symptoms and signs remained, in fact, 
spasticity progressed during a year of adequate therapy Although the 
patient now walks and moves well, as contrasted with a previous bed- 
ridden state, degeneration of the cord has progressed This is a striking 
example of a possible false interpretation of the effect of change in 
general bodily strength on the neuromuscular status of the patient after 
therapy , 

CASES SHOWING DEFINITE SIGNS OF IMPROVEMENT 

Case 34 — A white woman, 74 years of age, was admitted to the University of 
Chicago Clinics on Nov 25, 1929, complaining of a tingling sensation in her hands 
for several months Her tongue was sore, and there was a peculiar prickly sensa- 
tion extending up the spine to the scalp There was marked irritability For ten 
years the patient had had diabetes mellitus, easily controlled by diet 

Examination showed a well nourished woman, pale but not acutely ill There 
was loss of vibratory sense from the iliac crests downward with the exception of 
the right knee joint The ankle jerks were absent on’both sides The right knee 
jerk was absent and the left very sluggish The Babinski reflex was negative, and 
the abdominal reflexes were absent There was no definite ataxia The motor 
strength was fair Examination of the blood showed red cells, 1,900,000, white 
cells, 3,400, hemoglobin, 48 per cent Blood platelets were decreased There were 
macrocytes present, and the cells showed hyperchromasia There was a shift of 
the neutrophils to the right The Ewald and histamine tests showed no free hydro- 
chloric acid 

Coiuse — ^Treatment with Lilly’s liver extract was started on Dec 13, 1929, with 
four vials a day for three days and then six vials a day, producing a reticulocyte rise 
of 15 5 per cent on the sixth day On Jan 15, 1930, the hemoglobin was 73 per 
cent and the red cell count 4,100,000, or double that of ten days previously The 
patient felt improved subjectively, walked about alertly and was less irritable 
She was discharged, with orders to take two vials of liver extract a day From 
time to time she was seen, both for treatment of the diabetes mellitus and for a 
check of the neurologic findings On Sept 2, 1932, the hemoglobin was 100 
per cent and the red cell count 4,980,000 The reflexes of the upper extremities 
were active However, the knee jerks and ankle jerks were absent On November 
7, the blood level was still high The gait was slightly ataxic, but the upper 
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extremities were coordinate The right triceps jerk was reduced, the left ^\as 
present, and the lower deep reflexes were all absent except the right knee jerk, 
which was livelj, whereas before it had been absent There was no Babinski 
reflex or ankle clonus Sense of vibration was diminished from the iliac crests, but 
other sensations were normal Subjectively the patient was feeling \ery well for 
her years Impro\ement had occurred only in the mental symptoms and peripheral 
dysesthesia 

Case 35 — An uncooperatne man, aged 56, was first seen on Feb 12, 1930, after 
symptoms of from five to six j ears’ duration , during the latter part of this period he 
had used liver extract irregularly Neurologically the patient showed decreased 
knee jerks, absent ankle jerks, a positne Romberg sign and absence of vibrators 
sense in the legs He was agitated, had many delusions and was with difficulty 
prevented from wandering about the ward at all times On February 20, the red cell 
count was 800,000 and the hemoglobin 40 per cent On March 17, he became normal 
mentally, and the blood picture showed 3,300,000 red cells and 60 per cent 
hemoglobin 

He was difficult to treat and refused to take the Iner regularly The neurologic 
sj'mptoms increased, absent knee jerks, exaggerated upper deep reflexes and ataxia 
were noted, and the positne Romberg sign became worse On Sept 1, 1931, he 
was brought into the hospital again in an irrational state with a red cell count of 
1,100,000 and 34 per cent hemoglobin On September 21, he was rational again, 
with a red cell count of 3,500,000 and 60 per cent hemoglobin During the subse- 
quent fifteen months on adequate Iner therapy the blood remained normal, but the 
neurologic defects continued to progress slowlj The irrational episodes were 
correlated with marked anemia and were alienated by raising the blood count 

Case 36 — The patient, a man, aged 62, was first seen on Sept 20, 1930, witli 
weakness in the legs and knees for six weeks He had marked numbness and 
tingling of the toes and fingers At that time the red cell count was 1,600,000 and 
the hemoglobin was 49 per cent There was no free gastric acidity and the tongue 
was sore There w'cre slight changes in vibratorj sensation in the legs, but no 
other neurologic findings With nine Mals of Lillj’s Iner extract a day a reticu- 
locyte response of 23 per cent was obtained on the tenth daj On Nov 12, 1930, 
the red cell count was 4,690,000 and the hcmoglobm was 92 per cent On December 
9 the red cell count had changed to 5,250,000 and the licmoglobin to 101 per cent 
At this time the numbness and tingling disappeared and ha\e remained absent as 
the blood count has remained up 

Case 37 — A man, 45 years of age, was admitted to the clinic on Sept 1, 1932, 
complaining of a tired feeling and numbness and tingling of the hands and feet oier 
a period of one year He had been nervous and irritable over the same length of 
time In October 1930 the numbness and tingling had spread up the arms to the 
elbow Two months later numbness was progressue up to the knees and asso- 
ciated with a stiffness of both upper extremities He began to feel unsteady on 
his feet and was never sure that his feet w’crc in contact wntli the ground 

There were no abnormal physical findings except tliose of the nervous system 
The patient walked on a wide base and was slightly unsteady There w'as 
spasticity of the lower extremities, and the knee jerks and ankle jerks were exag- 
gerated The Romberg response wms positive Sense of position and coordination 
were normal and vibratory sense was only slightly reduced The Babinski reflex 
was negative The hemoglobin was 90 per cent and the red cell count 5,010,000 
The smears looked normal There was no free hydrochloric acid according to the 
Ewald or histamine tests The Wassermann reactions of the blood and spinal 
fluid were negative 
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Comse-A diagnosis of pernicious anemia was made, and the P^nt was told 
to take hver extract from 1 pound of liver daily Subjectively the patient felt 
unproved There was still paresthesia in the hands and feet On the next visit, 
three months later, neurologic findings were the same, but the patient was feeling 
£0 well that he wished lo discontinue the liver therapy for the summer The impor- 
tance of liver therapy was explained, but he wished a rest Two months later he 
returned because he was not feeling well The symptoms were vague , he tired 
easily and felt fatigued most of the time Neurologic findings were as before 
The blood was still normal 


This patient, without anemia oi a suspicious blood picture, showed 
eMdence of combined degeneiation of the coid Subjective improvement 
occurred on treatment with domestic livei extract from 1 pound of hver 
a day A period of two months without theiapy caused a return of the 
tiled feeling and fatigability Objective neuiologic tests remained the 
same 


COMMENT 

A study of case histones is not an adequate method of evaluating 
a form of treatment, especially when the signs and symptoms which 
may undergo improvement require considerable skill to elicit The com- 
paiison \of findings brought out by one examiner before therapy and 
another after theiapy offers obvious objections, the patient should be 
observed throughout the period of treatment by the same examiner In 
many cases remarkable improvement was reported because of the multi- 
plicity of examineis, furthermore, m the available literature not one 
neurologist has reported improvement m his cases In all the cases 
herein reported the patients weie reexamined by us at frequent intervals 
o\er a variable but usually adequate total period of time, and assurance 
uas at hand that ambulatoiy patients weie fulfilling therapeutic 
suggestions 

Weakness is an important symptom of pernicious anemia, depending 
in degree on the severity of the anemia Case 37 is a possible exception, 
since the weakness was unassociated with anemia and was directly 
improved by hvei theiapy However, weakness usually rapidly and 
often completely recedes when the blood count is brought up to figures 
approaching normal, and therefore is amenable to liver therapy Weak- 
ness often produces effects which resemble the results of primary damage 
to the central nervous system A weak person is ataxic and incoordinate , 
111 fact, with a severe anemia his gait is often worse than that seen in 
advanced tabes dorsalis or cerebellar disease , he may be unable to walk 
at all The muscles become flabby and hypotonic, and the deep reflexes 
may be markedly decreased Duiing treatment, as the blood count rises 
the strength improves, and simultaneously the supposed neurologic signs 
and symptoms rapidly regress in a period of time much too short for 
any anatomic regeneration or physiologic reorganization Case 33 is 
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such an example The rapidity of elfect resembles that seen after feeding 
a depleted animal a single dose of vitamin B2 Furthermore, as strength 
increases the patient is able to compensate by voluntary effort for mild 
defects m his sense of position or changes m muscle tone Careful 
examination will show no actual change in objective neurologic signs 

Before evaluating the effects of liver therapy on the spinal cord 
complications of pernicious anemia, it is necessary to know what clinical 
changes might be expected from improvement The terms posterolateral 
sclerosis and combined degeneration of the cord are indicative of the 
seat of greatest damage to the spinal cord the posterior and lateral 
(particularly posterolateral, wherein lies the pyramidal system) tracts 
Other regions of the cord are involved to a less degree Lesions of 
the posterior regions of the cord will cause decrease in tone and deep 
reflexes and disturbance of coordination and position sense Lesions 
of the lateral regions will effect an increase in tone and in the deep 
reflexes, a positive Babmski reflex and changes in sensation referable 
to damage of the long spinothalamic tracts, while troubles in coordina- 
tion Avill be masked by the spasticity 

It can easily he seen that the effects of the involvement of the pos- 
terior and lateral columns on muscle tone and deep reflexes are opposite 
m character Combinations occur which \ary in each case Assuming 
that posterior column signs of decreased tone and decreased reflexes 
could improve, the evidence would be a return of tone and reflex activity 
to their normal intensity However, supposing that the posterior column 
S}mptoms were unaffected b}” treatment, but progression occurred so 
that the lateral tracts became involved, tone and reflex activity would 
return to normal or become exaggerated If lateral tract sjTnptoms 
of hypei reflexia and hypertonia were to improve, the result would be 
a decrease in those signs exactly as if added damage were to be inflicted 
on the posterior horns and columns The syndrome of combined degen- 
eration of the cold is a combination of degeneration of the lateral and 
the posterior columns, hardly ever quantitatu ely equal, but varying in 
degree in each case and frequently associated with successive rather 
than simultaneous initial involvement Tims, great errors may be intro- 
duced in the evaluation of neurologic signs, mistaking progression of 
the disease for its improvement However, the Babmski response on 
the one hand and the character of the sensor)^ changes on the other will 
serve to indicate the true state of affairs If tone and reflexes were 
to return m a person who had a posteiior cord lesion his sense of 
position and vibratory sensibility should also return (case 30 ), while 
111 involvement of the lateial tract losses of pain and temperature sense 
should recede 

In this series of cases wc weie unable to discover, even in patients 
who ingested a pound of liver a day foi two \ears any improvement 
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in the organic neurologic signs or symptoms (cases 1 to 19, table) 
Once the rapid improvement in stiength was discounted, and if care 
were observed to avoid falling into the error of interpreting progression 
as regression, one can apply the same statement to most of the cases 
reported in the literature This result is not at all surprising to one 
familiar with the pathologic findings of combined degeneration of the 
cord The entire neuron is destroyed in small foci, often in perivascular 
areas throughout the cord, but most markedly in the posterior and 
posterolateral columns There is no selective demyelinization, but the 
whole structure is destro}^ed, including most of the glial stroma Astro- 
cytic invasion of the damaged area is minimal, so that a status spongiosus 
IS formed The possibility of such a lesion undergoing improvement 
IS unthinkable, unless, as Suzman and Ungley have suggested, regenera- 
tion of central nerve fibers could occur Gei ard and Grinker have 
shown that even in immature mammals under ideal circumstances 
regeneration cannot take place Furthermore, Davidson, on examination 
of several adequately tieated patients with combined degeneration of 
the cord found no neuronal regeneration, but a proliferation of gha 
seemed to ha\e been stimulated, causing a glial scar to form in an 
otherwise spongious tissue 

Colhei stated that he had never seen complications referable 
to the spinal cord develop m a case of pernicious anemia after it had 
come undei observation, and Piney lecently reiterated this opinion They 
meant that once the anemia has developed, degeneiation of the cord 
either is obvious at the onset or never develops This statement is 
somewhat extreme, although one of us (R R G found that when 
the clinical disease includes neivous complaints in the original list of 
symptoms, degeneration of the coid will develop about four times more 
frequently than in those cases in which nervous complaints develop 
after the onset Numerous exceptions to this statement are constantly 
encountered, and it is known today that there exists no constant rela- 
tionship between the degree of anemia and the degeneration of the 
cold It is likely that as liver therapy prolongs the lives of patients 
with pernicious anemia, the numbei of cases of degeneration of the 
cord will increase 

Notwithstanding the impossibilit}^ of impioving coid symptoms, livei 
theiapy would be of great ad^antage if further damage could be pre- 
vented 01 if onset of involvement of the coid could be prevented Such 
a prophylactic action of liver cannot be concluded, as Starr did from 
a senes of 4 cases In our senes of cases piogiession of symptoms and 


15 Gerard, R , and Gnnker, R R Regeneratne Possibilities of the Central 
Nervous System, Arch Neurol & Ps}'chiat 26 469 (Sept ) 1931 

16 Grinker, R R Pernicious Anemia, Achylia Gastrica and Combined Cord 
Degeneration and Their Relationship, Arch Int Med 38 292 (Sept) 1926 
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signs in the cord occuned in patients under continuous and adequate 
liver therapy, with blood counts within normal limits (cases 20 to 29) 
In our cases progiession was not more noteworthy in insufficiently 
treated patients than m those receiving adequate therapy over a long 
period of time The factors concerned in progression, like those involved 
in the etiology of the degeneration of the cord, are not related to the 
hvei intake or to the height of the blood count Our experience shows 
that cord symptoms develop rather suddenly and come to a certain maxi- 
mum lapidly, and then either remain stationaiy for a long period or 
slowly progress, no matter wdiat is done for them 

Patients in whom cord S}mptoms develop before any sign of blood 
dyscrasia are numerous enough to offer difficulties in diagnosis Two 
such cases (30 and 32) are included in this senes, and several others 
have been seen The} show achlorhydria and signs of dorsal, lateral 
or combined column degeneiation Vague signs are often present in 
the blood in the form of a shift in the Price-Jones curve oi neutrophils 
of pernicious anemia, but often it is several years before true anemia 
develops The public acceptance of the dictum that liver prevents anemia 
ma} be responsible for an increasing number of these cases With 
liver forming a part of the diet of large gioups of the population, neuro- 
logic diagnosis of the cause of degeneration of the cord must depend 
less and less on the presence of anemia and more on the character of 
the changes in the coid, the achlorhydria and the blood smear 

A further difficulty lies in the differentiation between permanent cord 
symptoms and peiipheral nerie symptoms, from which the patient will 
recover The criteria used to sepaiate these two neurologic complica- 
tions of pernicious anemia are not definite Using dysesthesia as 
evidence of damage to the coid, Woltman found that combined degen- 
eration developed in 80 per cent of cases of pernicious anemia Using 
other criteria, one of us (R R G ) found that onl} 30 per cent showed 
this complication As Hamilton and Nixon have shown, degeneration 
of the peripheral nerves is not infrequent in pernicious anemia The 
usual clinical picture is that of dysesthesia with some hyperalgesia 
The skin may become atrophied, smooth and shiny In more advanced 
cases objective sensory losses and actual atrophies may appear The 
process attacks the distal portions of the extremities, espeaally the hands 
It has a definite relationship to the degree of anemia and is probably 
due, like the homologous change in peripheral arteriosclerosis, to an 
anoxemia of the distal nerve fibers Improvement gradually occuis when 
the anemia regresses, since peripheral nerve fibers regenerate with ease 
Rapidly disappearing dysesthesia is probably due to a functional dis- 
turbance before actual degenerative changes have appeared It is, of 
course, a question whether disturbances in deep sensation may not be 
selective according to inv'olvement of the peripheral nerves, as in the 
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example of postdiphtheutic neuritis of the ataxic t)pe Some of the 
rapid sensory restitution lepoited after Iner therapy, if a true finding, 
may indicate the oiigin of the disturbances in the peripheial neives 

Mental symptoms ma) r\ell be due to focal areas of destruction in 
the brain, the well known Lichtheini plaques Moie often the disoiien- 
tation and irrational state aie due to the anemia alone Case 35 demon- 
stiated two episodes of seveie anemia in the same patient accompanied 
by mental symptoms These conditions change quickly when the led 
cell count approaches 3,000,000 The efifect of therapy alone serves to 
diffeientiate the organic changes from those due to the anemia 

CONCLUSIONS I 

1 Liver theiapy is not efficacious in improving oi preventing degen- 
eration in the central nervous system complicating pernicious anemia 

2 Liver impioves the general strength of the patient with combined 
degenei atioii of the cord by increasing the number of led cells in the 
cii dilating blood or by^’ some obscuie direct action Weakness inay^ 
closely imitate the eftects of damage to the spinal coid 

3 Livei cuies the mental symptoms of pernicious anemia, which 
aie usually caused by the anemia 

4 The peripheial nerve complications of this disease, consisting of 
dysesthesia, atrophic changes in the skin and perhaps other dissociated 
sensoiy defects, are alleviated by the recession of the anemia Such 
complications are much moie fiequent than they are usually believed 
to be 

5 The majority of cases of combined degeneration of the coid 
develop rapidly at the onset and then progress slowly, no matter what 
therapy is employed Gradual progression of signs may be falsely inter- 
preted as signifying improvement 

6 Combined degeneration of the cord develops not infrequently 
befoie the anemia and should be diagnosed by the character of the coid 
syndiome, the achlorhydria, glossitis and blood smeai 

7 Livei therapy in pernicious anemia should be conti oiled by the 
height of the blood count Quantities of liver m excess of that necessaiy 
to maintain a normal blood level aie wasted 

Note The patients described in this repoit have been given Ledeile 
solution hvei extiact intiamuscularly since Maich, 1933, and are bein^ 
atched for neiii ologic changes 
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The etiologic diagnosis of aitlmtis frequently presents mam diffi- 
culties, and in many cases the cause remains obscure For that reason, 
eveiy effort should be made to obtain as much information as possible 
fiom the study of the course of the disease and the characteristics of 
the synovial fluid During the past two years, we have studied a bun- 
dled and tw'enty samples of synovud fluids from ninety patients W'lth 
\aiious types of arthritis We were interested m determining what 
information of diagnostic value could be obtained from the study of 
Sjnovial fluid The types of cases studied are listed m table 1 

METHODS 

All the patients were studied while residing in the hospital With a needle and 
siringe, fluid wns aspirated from the joints, the usual aseptic precautions being 
taken The skin was anesthetized with a 2 per cent solution of procaine Indro- 
chloride 

A sample of the aspirated fluid was mixed with sodium oxalate cnstals to 
prevent clotting and examined chemicallv for the content of total protein, sugar 
and nonprotein nitrogen In fortj-fi\c cases, blood was withdrawn from a vein 
simultaneously for comparison of the sugar and nonprotcin nitrogen content of 
the blood and the svnovial fluid 

Aspiration was not performed following a period of fasting, so that this factor 
will require consideration in the interpretation of the comparatne results, to be 
discussed presenth 

Total cell counts were done on the smiomrI fluid immediateh after aspiration 
Differential cell counts w’ere done according to the supraMtal technic Gonococcic 
complement fixation tests w'crc done on the blood and sjnovial fluid in a number 
of cases, and the Wassermann test wms likew'ise done on both the blood and 
the synovial fluid 

The synovial fluids w'crc cultured for micro-organisms, and in suspected cases 
of tuberculous arthritis samples of the fluid were injected into guinea-pigs 

From the Thorndike kicmorial Laborator\, the Second and Fourth Medical 
Services (Harvard), Boston Cit\^ Hospital, and the Department of Medicine, 
Harvard kledical School 
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OBSURVATIONS 

Gonococcic AHhutis— In another place we ^ have presented the 
results of a study of the synovial fluid in gonococcic aithritis, and we 
include a summary of the flndings in this article in order that they may 
seive as a basis for comparison with other types of arthritis To repeat 
biiefly, It was found that the synovial fluids from cases of gonococcic 
arthritis could be divided into two groups, on a basis of the presence or 
absence of organisms The lesults of the study have been included in 
table 10 On the whole, the average cell count was higher in the infected 
fluids The polymorphonuclear leukocytes were more abundant, and the 
other cells were fewer in number in the infected fluid than in the non- 
mfected samples The total protein content was inci eased abo\e the 

Table 1 — Types of Cases Studied 


dumber of 
Specimens of 
Synovial 

Isumber of fluids 
Cases E\amined 

41 51 

15 19 

16 22 

5 10 

I'? 10 

J 
2 
1 
S 
2 
1 
1 

00 120 


Gonococcic arthritis 
Rheumatic fe\er 
Rheumatoid arthritis 
'luberculous arthritis 
Miscellaneous cases 
Charcot joints 
Sjphilitic arthritis 
Scurvy 

Hemolytic streptococcic arthritis 
Traumatic arthritis 
Aljocardial insufflciencj 
Degcncrntl’ve arthritis 

Total 


normal m both, the nonpiotein nitrogen value was the same as that of 
the blood, and the sugar content vaiied in three factor'? the numbei 
of leukocytes in the synovial fluid, the presence of micio-orgamsms, 
and the level m the blood at the time, or before, aspiration of the 
joints The gonococcic complement fixation test was positive in 86 
pel cent of the cases in the blood and in 76 per cent of the cases in the 
synovial fluid Usually the results of the tests m the synovial fluid and 
the blood weie in agieement Rarely, the blood serum showed a positive 
leaction before the S 3 movial fluid 

Acute Rheumatic Fever — The synovial fluids from fifteen patients 
with iheumatic fever were studied Total and differential cell counts 


1 (a) Mj ers, Walter K , and Keefer, Chester S The Gonococcal Comple- 
ment Fixation Test m the Blood and Synovial Fluid of Patients with Arthritis 

HoLet’irp V Tl' S, and’ 
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were done on nineteen samples of fluid, and the lesults are lecoided 
in table 2 and stimmaiized in table 10 In all cases, the polymorpho- 
nucleai cells predominated, and, as a rule, the highei the total count 
the greater the relative number of polymorphonuclears As a lule, the 
monocytes and clasmatocytes weie piesent in laigei numbers in the cases 
with low total counts All the fluids weie sterile on bacteiiologic cultuie 
The results of the chemical examinations of twelve samples of s}noMal 
fluid aie lecoided in table 3 and summarized in table 10 The non- 
pi otem nitrogen A'alue A\as piactically the same as m the blood, wheieas 
the sugai content of the synovial fluid was the same as or higher than 

Tablf 2 — Total and Diffcicnital Cell Counts of Synovial Thtid m 

Rlicumatic Eevei 


Dlflercntlnl Cell Count, per Cent 


Case 

Total Cell 
Count, per 

f 

Poljiuorplio 

^ umber 

C Vim 

nucicars 

41 

8,8*0 

70 

4" 

11,300 

8 

41 

4,230 


40 

2,130 R • 

SO 


10,4*)0 I 

68 

Vi 

30,300 

07 

'.1 

2,000 R 

07 


1,200 I 

78 

')4 

20,000 

93 

vv 

3,330 

SO 

'0 

12,5*)0 

93 

iS 

34,130 

92 

'0 

10,So0 

78 

00 

21,800 

90 

61 

22,000 

07 

02 

21,300 I 

69 


13,000 R 

02 

03 

11,300 R 

91 


15,450 L 

93 


Lj mplio 


Clnsmato 

cvtcs 

Vlonocytos 

cj tes 


11 

19 

4 

! 

10 

O 

0 

IS 

4> 

2 

7 

7 

2 

3 



3 

1 


2 

> 

C 

14 

1 

) 

7 

C 


4 

1 

1 

5 


3 

11 

S 

2 

2 


o 

1 


7 

3 

1 

1 

4 

3 



9 



2 


— — ^ 

Eo=ino 

Phils 


* R indicates that the data are on the right Knee and L on the loft Knee 

that of the blood This is evidence of a noninfected fluid The highei 
values 111 the synovial fluid can be explained on the basis of the fact 
that most of the examinations veie done several hours after a meal, 
and it IS known fiom previous voik- that the fall of the sugar content 
of the blood precedes that of the s 3 movial fluid 

Rheumatoid AitJiiitis — T went) -three fluids from sixteen patients 
were studied The results of the cell counts aie lecorded in table 4 and 
summarized in table 10 In most cases the polymoi phonucleai cells 
predominated, but the vaiiations in the numbei of difteient cells weie 
wide This probably depended to some extent on the type of cellular 
reaction in the synovial cavities at the time of aspnation All the fluids 


2 (a) Cajon, F A , Crouter, C Y, and Pemberton, R The Plnsiologi' 
of Synovial Fluid, Arch Int Med 37 92 (Jan ) 1926 (b) Allison, N , Fremont- 

Smith, F , Dailey, M E, and Kennard, M A Comparative Studies Between 
Sjnovial Fluid and Plasma, J Bone S. Joint Surg 8 758, 1926 



Table 3— Results of Chemical Evamwahon of Blood and Synovial Fluid 

m Rheumatic Fevci 


Total ^onprotein Mtrogen 

Protein Mg per 100 Gc 

*v, T^tn4- I A 


Case 

in Joint 
riuld, Gm 

Blood 

Joint 

Xumber 

per 100 Cc 

Plasma 

Pluid 

a 

20 

20 

28 

4j 

23 

37 

33 

47 

38 

33 

35 

52 

SC 

32 

30 

53 

34 

25 

22 


34 

25 

io 

54 

30 

27 

22 

55 

43 

20 

19 

60 

40 

32 

33 

58 

47 

35 

33 

59 

4 1 

35 

32 

03 

39 

24 

24 


Sugar, Mg 
per 100 Cc 
* 



Joint 

Cells, per 

Blood 

Fluid 

OMm 

71 

74 

13,500 

87 

123 

4,250 

lOS 

121 

2,430 

115 

ISO 

39,500 

116 

146 

2,900 

lie 

153 

3,200 

70 

109 

26,000 

90 

109 

3,550 

143 

155 

12,550 

123 

104 

34,350 

84 

84 

16,850 

78 

91 

11,500 


Table 4 — Total and Dtffet ential Cell Counts m Synovial Fluid of Patients 

■with Rheumatoid Aithniis 


Case 

Total Cell 
Count, per 

! 

Polymorplio 

Jsumber 

CMm 

nuclears 

42 

9,875 

1,600 

91 

43 

84 

50 

20,100 

91 

51 

17,400 

94 


10,900 

100 

75 

0,630 

3 

SO 

14,600 

72 

81 

3,400 

07,400 

GO 

82 

21 


74,800 

16 

S3 

43,500 

84 

84 

23,200 

98 

So 

1 700 

26 

80 

39,800 

95 


28,000 

85 


25,650 

87 

87 

25,400 

84 


24,350 

98 

S8 

14,150 

77 


11,900 

85 


12,050 

85 

89 

12,000 

91 

90 

38,700 

97 


Differential Cell Count, per Cent 
- - > 


Lvmpbo 


Olasmato 

cjtes 

Monocytes 

cytes 

1 

4 

3 

9 

6 

1 

3 

4 


5 

1 


67 

20 

4 

19 

7 

1 

21 

2 

2 

22 

10 

57 

5 

14 

65 

0 

8 


2 



26 

16 

32 

1 

2 

2 

6 

9 


8 

3 

4 

7 

2 

7 

1 


1 

16 

6 

1 

13 

1 

1 

12 

2 

1 

4 

5 


3 




Dosino 

phils 


1 

1 

15 


Table S —Results of Chemical Examination of Blood and Synovial Fluid 

m Rheumatoid Aithntis 



Total 

Nonprotein Nitrogen, 


Protein 

Mg 

per 100 Cc 


m Joint 



A 

Case 

Fluid, Gm 

Blood 

Joint 

Number 

per 100 Cc 

Plasma 

Fluid 

42 

38 

29 

28 

40 

37 

26 

21 

51 

24 

35 

46 

73 

4 2 

50 

33 

SO 

61 


20 

81 

4 3 

29 

29 

S7 

48 

33 

23 

88 

51 

26 

20 

00 

23 

26 

24 


Sugar, Mg 
per 100 Ce 


Blood 

Joint 

Cells, per 

Fluid 

OMm 

129 

123 

9,875 

85 

99 

1,600 

76 

80 

17,400 

77 

94 

6,650 

74 

78 

14,600 

101 

124 

3,400 

82 

100 

25,400 

89 

91 

14,150 

111 

87 

38,700 
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were stenle Chemical examinations of the blood and synovial fluid for 
the nonprotein nitrogen and sugar content, as well as the total protein 
content of the synovial fluid, weie made of nine samples The results 
aie recorded m table 5 and summarized in table 10 The total protein 
values varied from 2 3 to 6 1 Gm per hundred cubic centimeters, the 
nonpiotein nitrogen value was essentially the same in the synovial fluid 
as in the blood, and the results of the examination for the sugar content 
were either the same as those in the blood oi somewhat higher 

Table 6 — Total and Diffet cnttal Cell Counts of Synovial Fluid m 
Tube) culous At tin it is 


DIlTercntlnl Cell Count, per Cent 



Total Cell 

/ 


A 



Case 

Count, per 

Polj inorplio 

Lympho 


Clasmato 

Eoslno 

Number 

OMm 

nuclcars 

cj tes 

Monocjtes 

c> tes 

pluls 

CO 

110,000 

70 

3 

n 

7 


70 

45,200 

60 

7 

1 

1 

2 

77 

13,450 

0 


o 

5 


78 

11,000 

0,500 

52 

30 

10 

1 

1 


43 

20 

20 


3 

7') 

12,080 

75 

10 

5 

4 



13.100 

01 

IS 

17 

4 



13,400 

03 

4 

2 

1 



13,000 

13,0-.0 

50 

12 

31 

1 



SO 

7 

2 




T \BLi 7 — Results of Chcimcal Examination of Blood and Synovial Fluid 

in Tuberculous Aithiitis 


Total Nonprotcln MtroRcn, SuRnr, AIr 

Protein Mr per 100 Cc per 100 Cc 

In Jninh ^ ^ . . ■ 



In Joint 

^ 

■ 

A 

f 

^ 


Case 

riuld. Gin 

DIoocl 

Joint 


Joint 

Cells, per 

Number 

per 100 Cc 

Plasma 

riuiu 

Blood 

riuld 

Cllm 

77 

5 3 

21 

10 

102 

no 

13,430 

11,000 

78 

43 

28 

22 

74 

70 





102 

100 

0,500 

70 

4 0 

22 

18 

70 

01 

13,930 


4 7 

20 

22 

SO 

93 

13,400 


Tube] ailous AifJtiifis — Synovial fluids fiom five cases of tubei- 
culous arthritis, pioved b} the inoculation of guinea-pigs, were studied 
The results of the total and difterential cell counts aie lecoided in 
table 6 The results of the chemical examinations of four samples are 
recorded in table 7 and summaiized in table 10 The total cell counts 
w^ere betw^een 6,500 and 110,000 per cubic millimeter, and while the 
differential foimula shoived no absolutely characteristic features, it w^as 
somewhat more common to observe gi eater numbeis of lymphocytes 
and monocytes than in the other types of arthritis The chemical exami- 
nations revealed nothing stnkingl)’- chaiacteiistic 

Miscellaneous Types of Aitlnitis — The results of the total and dif- 
ferential cell counts of sixteen samples of synovial fluid from thnteen 
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patients ^\lth various disordeis of the joints are summarized m table S 
The chemical examinations in four cases are included in tables 9 and 10 
Total Piotein of Synovial Fluid — The values for total protein 
included the mucin, as it was not removed by precipitation before the 
determinations weie made In all cases, the total protein value uas 


Table 8— Total and Diffeiential Cell Counts of Synovial Fluid m Mis- 
cellaneous Cases of Aithntis 


Case 

Total Cell 

Num 


Count, per 

ber 

Diagnosis 

C Mm 

47 

Traumatic arthritis 

4,800 

4S 

Charcot’s joint 

160 


140 

19 

Hemolytic streptoeoccie arthritis 

109,500 

C4 

Hemolytic streptococcic arthritis 

350,000 

01 

Hemolytic streptococcic arthritis 

251,000 

07 

Congenital syphilis 

6,750 

68 

Syphilitic arthritis 

4,500 

09 

Charcot’s joint 

18,350 

70 

Charcot’s joint 

275 



600 

71 

Traumatic arthritis 

3,550 

72 

Myocardial failure 

320 

73 

Scurvy 

200 

74 

Degenerative arthritis 

COO 


DllTerential Cell Count, per Cent 




Polymorpho Lympho 

Mono 

Clasmat 

nuclears 

cytes 

cytes 

ocj tes 

94 

r> 

CJ 


o 

42 

C 

12 

40 

70 

10 

20 


100 

90 

1 

1 

2 

94 

1 


3 

32 

51 

14 

3 

52 

27 

7 

14 

91 


0 

6 

25 

11 

19 

45 

2S 

32 

9 

31 

10 

2 

42 

40 

24 

20 

10 

38 

20 

18 

40 

10 

88 

8 

4 



Table 9 — Results of Chemical EvaminaUon of Blood and Synovial Fluid 

in Miscellaneous Aithntis 


Total A onprotein Nitrogen, 
Protein Mg per 100 Cc 


Sugar, 31g 
per 100 Cc 


Case 

Pluid, Gm 

Blood 

Joint 


Joint 

Cells, per 

Number 

per 100 Cc 

Plasma 

Fluid 

Blood 

Fluid 

C Mm 

4S 

34 

20 

30 

125 

139 

IGO 

(Charcot) 

09 

3S 

42 

28 

103 

125 

18.350 

(Charcot) 

70 

40 

32 

20 

09 

87 

TS 

(Charcot) 

07 

(Syphilitic) 

38 

22 

24 

120 

0,750 


inci eased above that which is found in normal synovial fluid (chart 1) 
The lowei values were obseived in the miscellaneous group and m some 
of the cases of acute rheumatic fever and rheumatoid arthritis On the 
aveiage, the total amount of protein in the synovial fluid was higher 
in the infected fluids, that is, fiom persons with gonococcic and tubei- 
culous aithntis There was no con elation between the total nitiogen 
content of the fluid and the number of cells or the nonprotem nitrogen 
content of individual fluids The amount of piotein in the fluid from 
the joints depended to some extent on the degree and seventy of the 
inflammatory process present 
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Bactcuologic E\ammatioi\s — Bacteiia weie lecovered in ten cases 
of gonococcic arthritis, thiee cases of hemolytic sti eptococcic aithiitis 
and five cases of tubeiculosis of the joints These findings weie of 
gieat assistance in the etiologic diagnosis of the disease In all othei 
cases, the fluid of the joints was sterile 

Total and Diffeieiitial Cell Counts— Th& total cell counts of the 
vai ions synovial fluids vai led within wide limits Infected fluids, such as 
those seen in hemolytic sti eptococcic infections, contained over 100,000 



A B C D E F 


Cliart 1 — Total protein content of the synovial fluid in various types of arthritis 
Each dot represents the total protein content of the synovial fluid from a patient 
who showed A, gonococcic arthritis with infected fluid, B, gonococcic arthritis 
with noninfected fluid, C, rheumatic fever, D, tuberculous arthritis, E, rheu- 
matoid arthritis, F, miscellaneous arthritides including Charcot joints and syphi- 
litic arthritis 

cells pei cubic millimeter, wheieas those infected with gonococci seldom 
contained moie than 60,000 pei cubic millimeter In spite of the fact 
that most of the synovial fluids were noninfected, the vast majoiity of 
samples contained less than 40,000 cells The cases showing the lotvest 
cell counts weie those of tiaumatic aithiitis and Charcot joints In these 
the count was often less than 1,000 pei cubic milhmetei Fiom a study 
of the total cell counts in the othei cases, it was not possible to show 
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wide vanations in the different giotips, so that, aside from the cases 
with reiv low counts and those ^Mth veiy high counts, the diffeiences 
weie, on the whole, slight 

The diffeiences in the diffeiential counts were more striking than 
those in the total counts, as the noninfected fluids showed a greater 
numbei of monocytes, clasmatocytes and lymphoc}tes than did the 
infected fluids This was particulaily evident in the cases of iheumatoid 
aithiitis and m the miscellaneous cases In the infected fluids the poly- 
morphonuclear cells were usually inci eased above 80 per cent, ivith the 
exception of the tuberculous fluids in rvhich they vaiied from 46 to 93 
]iei cent 

Nonpi otcm NxtJogcn — Ihe nonpiotem nitrogen content of the syno- 
vial fluids varied wnthm the same limits in all gioups of cases The 
amount could be coi related with the level of nonprotein nitrogen m the 
blood and not wuth any othei factoi, such as the total nitrogen content, 
cell count or piesence oi absence of infection The determination of 
nonprotein nitiogen, theiefoie, w'as of no diagnostic significance 

Sugm Content of Synovial Fluid — Ihe sugai content of the sjno- 
vial fluids is shown in chait 2 The data show' that the sugai content 
vaiied wuthin the same range as the noimal value for blood sugai w'lth- 
out fasting, but in addition there w'eie a numbei of instances in ivhich 
the sugar content of the synoiial fluid w'as below 70 mg per hundred 
cubic centimeteis On furthci anahsis, it was found that the amount 
of sugar in the synovial fluids in all gioups of cases depended on three 
factoi s (1) the Iciel in the blood at the time fluid was aspirated from 
the joint, (2) the number of leukocytes, and (3) the presence of micro- 
oiganisms 

In some cases, the sugar level of the S) novial fluid per hundred cubic 
centimeteis w'as highei than that of the blood This can be explained 
on the basis of the fact that the fluid was not aspirated after the 
patient had fasted, but frequently several houis after a meal, and it is 
knowm that the blood sugai level declines aftci a meal soonei than the 
synovial fluid sugar does It is a mattci of importance, then, to intei- 
pret the level of the sugai of the sj novial fluid as noimal, inci eased or 
deci eased only w'hen one knows the lei el of the blood sugai and the 
time in i elation to meals that aspiiation was performed 

It was found, fuithei, that the lei cl of the sugai of the sinovial 
fluid could be con elated to some extent with the number of cells in the 
synovial fluid and the piesence oi absence of infection The relation 
betiveen the numbei of cells and the sugar content of the infected and 
noninfected fluids is shoivn in chart 2 Generally speaking, the piesence 
of micio-oigamsms and a high cell count w'eie accompanied b) a smallei 
amount of sugai in the synovial fluid But. as the noninfected fluids 
with a high cell count also showed low' values foi sugai in the svnovial 
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auid, It was obvious that both the cell content and the piesence of niicro- 
oiganisms were of significance in determining the level of the sugar of 
the s}novial fluid A low sugar content, then, did not always indicate 

infected fluid 

Goiwcoccjc Coiuplcwcjit Fivotwii Test The results of the gono- 
coccal complement fixation test of the blood seium and synovial fluid 
of patients with vaiious types of arthiitis weie leported elsewhere^” 
Forty-eight samples of synovial fluid fiom twenty-seven patients with 
cfonococcic aithiitis were examined The leaction was positive in thirty- 
one specimens of S3'’novial fluids, doubtful in one and negative in sixteen 
The leactions of the blood seium and sjmovial fluid, simultaneously 



Chart 2 — Total cell counts and sugar content of synovial fluid Each symbol 
represents the sugar content per hundred cubic centimeters of synovial fluid from 
a patient with dot, gonococcic arthritis with infected fluid, circle, gonococcic 
aithritis with noninfected fluid, triangle, tuberculous arthritis, cross, rheumatic 
fe\ er , cross u ithin circle, rheumatoid arthritis, and dot within circle, miscellaneous 
arthntides 

collected, rveie identical except in six instances The reaction of the 
s.MioMal fluid was negative on four occasions when that of the blood 
serum was doubtful oi positive In one case, there was a doubtful 
gonococcic complement fixation leaction of the S}^novial fluid in asso- 
ciation with a positive leaction in the blood serum, and anothei showed 
a positive leaction of the synovial fluid with an associated doubtful 
leaction of the blood seium In thiee patients it was possible to obseive 
the change of the leaction in the blood serum and synovial fluid fiom 
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negative to positive The blood seitim showed a positive gonococcic 
complement fixation leaction befoie the synovial fluid In thiee patients, 
both the blood serum and the synovial fluid gave negative reactions eaily 
in the course of the disease when gonococci were recoveied from the 
synovial fluid The reaction was positive in six specimens of synovial 
fluid from four othei patients with fluid infected by the gonococcus 
Foul teen specimens fiom twelve patients with iheumatic fevei weie 
likewise examined One fiom a patient without evidence of gonococcic 
infection gave a positive reaction On repeated examination the fluid 
gave a negative reaction Sixteen specimens from ten patients with 
vaiious othei disoideis of the joints not due to the piesence of the 
gonococcus gave negative gonococcic complement fixation reactions 

T\ble 11 — Results of the JFassetwann Test tit the Syitovtal Fltitds from 

Sit tv Cases of Aithiitis 


Fluids 

^umbc^ 



^umhcr of Number of 

Number 

Number 

Number 

Disagreeing 
uith Blood 


Patients 

Specimens 

Plus 


Minus 

Serums 

Gonococcic arthritis 

20 

19 

1 

0 

IS 

3 

Rheumatic fever 

12 

11 

0 

0 

14 

0 

Rheumatoid arthritis 

10 

10 

0 

0 

10 

0 

Siphllltle arthritic 

0 

1 

3 

1 

0 

1 

Charcot Joints 

3 

i 

0 

2 

2 

2 

Miscellaneous 

•1 

0 

0 

0 

0 

0 




— 


— 


Total 

CO 

03 

4 

3 

SO 

G 


IVasseniiajin Reaction — The lesults of the Wasseimann test ot 
ninety-thiee specimens of synoMal fluid from sixt} patients aie shown 
in table 11 The reactions of both the blood serum and the synovial 
fluid, simultaneously collected, ueie negative on eighty-four occasions 
Foul specimens of sjnovial fluid fiom two patients with syphilitic 
arthiitis weie examined The blood seium and sjnovial fluid yere posi- 
tive on thiee occasions Once the leaction of the blood serum vas 
positive when that of the sjnovial fluid was doubtful Two patients 
with Chaicot joints due to tabes doisahs weie found to give a positne 
leaction in the blood seium and a doubtful reaction in the sjnovial fluid 
The synoiial fluids fiom two patients with gonococcic aithiitis gaie 
negative Wasseimann leactions at the time that the leaction of the blood 
was positive In one other patient with gonococcic aithiitis the leac- 
tion of the synovial fluid w^as positne wdien that of the blood seium 
w^as negative 

COMMENT 

From the data pi esented w^e now i etui n to the question w^e set out to 
answei, namely What infoimation of diagnostic ^alue may be obtained 
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from a study of the synovial fluid in patients with arthritis^ Befoie 
discussing this question in the light of oui niatenal, it is necessaiy to 
rewew the information that exists legarding noimal synovial fluid m 
01 del to compaie the vaiious characteristics of both normal and abnoi- 
mal s}novial fluids 

Undei usual ciicumstances the amount of synovial fluid piesent in 
any of the joints is so small that its examination duiing life is unprac- 
tical Small amounts of fluid have been obtained by various obseiveis ^ 
during suigical pioceduies or aftei death The results have been sum- 
marized by Forkner/ who stated that the fluid usually consists of a few 
cubic centimeteis of thick gelatinous mateiial, containing fiom none to 
50 cells per cubic milhmetei , chiefly maci ophages and small amounts of 
piotein and mucin It is known, however, from the recent obseivations 
of Bauer, Bennett, Maible and Clafton and Bauer, Bennett and Shoit ° 
on the synovial fluid from the noimal joints of young beef cattle, that 
noimal synovial fluid consists of a transudation of noncolloidal electio- 
lytes and small amounts of protein fiom the blood plasma, togethei 
with a small amount of mucin The appioximate total protein content 
of this fluid was calculated to be 680 mg oi 0 68 per cent per hundred 
cubic centimeters The nucleated cells varied between 103 and 165 per 
cubic milhmetei The piesence of red blood cells was considered to be 
the lesult of trauma From the recent experiments of Vaubel,^ it is 
now pioved that mucin is formed by the synovial cells grown in tissue 
cultui e 

Beaiing these facts in mind, then, it is possible from the exami- 
nation of synovial fluids m disease to determine in what respect they 
differ from the normal 

An inciease in the amount of synovial fluid may be the result of 
tiansudation oi exudation resulting fiom inflammation Transudates 
into the cavities of the joints aie observed under the same circum- 
stances as they appeal in other serous sacs, that is, with inci eased 
venous piessure, deciease of plasma protein or obstruction to lymphatic 
diamage Thus, one finds effusions into the joints m cases of con- 


3 Key, J A Cytology of Synovial Fluid in Normal Joints, Anat Rec 40' 
193, 1928 

4 Forkner, Claude The Synovial Fluid in Health and Disease with Special 
Reference to Arthritis, J Lab & Clin Med 15 1187 (Sept ) 1930 

5 Bauer, W , Bennett, G , Marble, A, and Clafton, D Observations on 
Normal Sjnovial Fluid of Cattle I The Cellular Constituents and Nitrogen 
Content, J Exper kled 52, 835 (Dec ) 1930 

6 Bauer, W , Bennett, G A, and Short, C L Speculations on the Etiology 
of Kheumatoicl Artlintis, New England J Med 208 1035 (May 18) W33 

„ ® '""“'O'' Synovial Cells m Tissue Cullare 

11 I lie Production of Mucin, J Exper Med 58 85, 1933 
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gestive heart failuie with edema of the extiemities, m some cases with 
nephiotic edema or in thrombophlebitis of the femoial vein Undei these 
circumstances, the fluid has a low protein and cellular content In the 
one case ne studied, the cell count was 320 pei cubic milhmetei and 
clasmatoc} tes, monocytes and lymphocjdes piedominated The piotein 
content was low, 1 8 Gm per bundled cubic centnnetei s, and the non- 
protein nitiogen content was inci eased as it was in the blood Fioin the 
hteratuie, summaiized by Foiknei,‘ it was stated that tiansudates weie 
usually tianspaient, with a specific giaMly varying fiom 1 008 to 1 018 
The cells vaiied from 0 to 50, and were composed mostly of inacio- 
phages and mesothehal cells, the piotem content vas low The diag- 
nosis of a tiansudatc is justifiable, then, when the synovial fluid has 
the chaiacteiistics just mentioned, oi when a synovial eftusion occuis 
m the presence of a disease in which there is transudation of fluid 
into the other tissues of the body 

When there is an inflammatory lesion of the synovial membiane 
with an eftusion into the cavit}’’ of the joint, the chaiacteiistics of the 
fluid are difteient fiom normal syno\ial fluids or from tiansudates 
It IS this gioup of conditions that we studied, and the diagnostic sig- 
nificance ot the changes may now be discussed 

Fiom our obseivalions it was plain that the most helpful exami- 
nation 111 establishing an etiologic diagnosis of aithiitis was the isolation 
of pathogenic micio-orgamsms from the synovial fluid This was espe- 
cially tiue in the cases of gonococcic, hemolytic streptococcic and tuber- 
culous arthritis In all othei cases the synovial fluid was sterile 

C}tologic examinations of synovial fluid revealed the fact that 
during the couise of an acute inflammatory lesion of the S 3 movial mem- 
biane, the total cell count was inci eased and pol) moi phonuclear cells 
predominated When the fluids weie infected, the cells were commonh 
all polymoiphonucleai \Vhen the) were not infected, the l)mphocytes 
monocytes and clasmatoevtes weie inci eased, and compiised bet\\een 
10 and 60 per cent of the total numbei of cells These changes are 
similai to those found m other eftusions of the seious sacs, vhen the 
cytolog) of infected and noninfected fluids is studied® The piesence, 
then, of a cellulai leaction in the synovial fluid in which polymorpho- 
nucleai cells predominate is evidence of an infected fluid In the case 
of tubeiculous arthritis, this is not necessanh tiuc as the pohmoi pho- 
nuclear cells may not piedominate in all cases A low cell count with 
a high percentage of maciophages and clasmatoc\ tes indicates a non- 
infected fluid 

8 Scott, T F M and Finland. M The Qtolog\ of Pleural Effusions in 
Pneumonia Studied wutli a Supra\ital Technique, A,m J SI Sc 188 o22, 1934 
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'I he gonococcic complement fixation test was of distinct "value in the 
ctiologic diagnosis of gonococcic aithiitis Ihis w’’as paiticulaily tiue 
in a few' patients w'ho had no signs of an active genital infection at the 
time of the aithiitis, but who had a histoiy of a pievious infection 
This was of mteiest in view of the pievious observation of Foikner,® 
w'ho found gonococci in the lymph nodes of a patient wnth chionic 
arthiilis eight yeais aftei a genital infection, wuth no active localized 
genital infection at the time of examination In oui expeiience, the test 
w'as positive in 74 pei cent of the synovial fluids examined These 
lesults aie in accoid with the obseivations of otheis When the blood 
serum and synovial fluid weie examined simultaneously, it was found 
that the lesults of the test were in agreement Occasionally, the blood 
seium showed a positive leaction before the synovial fluid In no case 
w'as a positive reaction found in the synovial fluid and a negative reac- 
tion in the blood, although the results weie not necessaiily of the same 
intensity In view of the negative lesults in othei t 3 'pes of aithritis 
and the laie occuiience of falsely positive leactions, the test was of 
assistance in the diagnosis of gonococcic arthiitis 

The Wasseimann leaction of the synovial fluid provided positive 
infoimation in the laie cases of syphilitic aithritis In these cases it is 
usually positive in both the blood and the synovial fluid, wheieas, in the 
cases of Charcot joints in tabes dorsalis, the leaction may be positive 
in the blood and negative in the synovial fluid Since gonococcic and 
syphilitic infections fiequently coexist, the role of both infections ma) 
be difficult to inteipret as far as the arthritis is concerned Howevei, 
the piesence of a positive Wasseimann reaction in the blood and syno- 
vial fluid, together with the type of cellulai leaction which is chaiac- 
teiized by an mciease in the number of lymphocytes, monocytes anfl 
clasmatocytes, is highly suggestive of active syphilitic aithiitis 

The nonprotein nitrogen content of the synovial fluid was of no 
diagnostic significance in disci iminating infected fiom noninfected fluids 
01 transudates fiom exudates The values weie the same in both the 
blood and the synovial fluid, indicating a transudation of the electrolytes 
fiom the blood plasma into the synovial cavity 


9 Forkner, C Mateiial from L 3 'mph Nodes III Gonococci from Ljmph- 
oid Tissue m a Case of Chrome Infectious Arthritis, Bull Johns Hopkins Hosn 
32 257 (Oct ) 1928 ^ 

10 Holbdll, S A Gonorrheal Arthritis. Particularly with Regard to the 
Complement Fixation Reaction for Gonorrhea, Hospitalstid 73 18 (Jan 2) 1930 
Bl.%, A S The Complemenl Fixation Reaction in Gonorrhea, Acta med Scan- 
dinav (SHOP ) 50 332, 1M2 Green, F Complement Fixation in Gonorrheal 
Arthritis, Canad 11 A ; 28 289 (March) 1933 Kling, D H , and P.ncus, J 

The Goijococcus Complement Fixation Test n. St novial Fluid,; Lab & Clin Med 
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We said pieviously that iioimal synovial fluid and transudates into 
the synovial cavities contain only small amounts of protein In the 
cases repoited, the total protein content was increased above normal in 
both the infected and the nonmfected fluids fiom patients with gonococcic 
aithiitis, rheumatoid aithiitis, acute rheumatic fever and tuberculous 
aithiitis and in the miscellaneous group of cases The presence, there- 
loie, of an inci eased amount of piotein in the synovial fluid indicated 
only an exudate and not the actual piesence of infection 

It has been stated that a low sugai content of the s}novial fluid is 
indicative of an infection of the joints, although Pemberton pointed 
out that the sugar level may be low m nonmfected fluids with a high 
cellular content We found that both of these factors were significant 
and that the level of the blood sugar was also of importance in inter- 
pietmg synovial fluid values It ^\as not possible from a sugar deter- 
mination alone to discover whether oi not infection ^\as piesent 

SUMMAU\ \ND CONCLbSlONS 

One hundred and twenty samples of synovial fluid from ninety 
patients wath vaiious types of arthiitis w^ere studied to determine the 
diagnostic significance of the ^anous biologic and chemical charac- 
teristics of the fluid 

1 The bactenologic examination of the fluids yielded information of 
the greatest value in the etiologic diagnosis of aithntis Inoculation 
of guinea-pigs w'lth the sjnovial fluid was helpful m the diagnosis of 
tuberculous arthritis 

2 The results of the gonococcic complement fixation and Wasser- 
mann tests of the blood and synovial fluids w^ere m agreement Both 
tests w^ere of distinct aid in the etiologic diagnosis of disease of the 
joints 

3 The total cell count of the sjnovial fluid was increased m all the 
types of arthiitis studied It w^as highest m the infected fluids and 
lowest in the cases of Chaicot joints and tiaumatic arthritis Most 
nonmfected fluids contained less than 40 000 cells per cubic millimeter 

4 When the synovial fluid w'as infected with micio-oiganisms, the 
polymorphonucleai cells w'eic gieatly inci eased, from 86 to 100 per cent, 
and the lymphocytes, monocytes and clasmatocvtes w'eie few' m number 
In tuberculosis of the joints, the polj moi phonucleai count varied from 
46 to 93 per cent, and the lymphocytes and monocytes w'ere increased 


11 Allison, Frcmont-Smitli, Dailc) and Kenard Kc\ * 

12 Pemberton, R A Arthritis and Rheumatoid Condition, Philadelpbia, 
Lea & Febiger, 1929, p 129 
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5 The percentages of lymphocytes, clasmatocytes and monoc}tes 
weie always higher m the nomnfected fluids than in the infected fluids 
The piesence of a low cell count with an inciease in the monocytes, 
l)mphoc3tes and clasmatocytes was an indication of a nomnfected fluid 

6 The chemical examination of the fluids yielded no mfoimation 
of diagnostic value in discriminating between infected and nomnfected 
fluids The nonprotem nitrogen of both the infected and the noninfected 
synoMal fluids was the same as that of the blood The sugai content 
vaiied with the piesence of organisms, the number of cells and the level 
of the sugai in the blood A low sugar content did not alwa3^s mean an 
infected fluid The total protein value of the S3movial fluid was mci eased 
in both gioups, and indicated only an inflammatoi3 reaction 

7 Aside fiom the bactenologic, cytologic and seiologic examinations 
of the S3movial fluid, othei tests yielded little mfoimation of diagnostic 
value 
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WILLARD 0 niOMPSON, MD 
PHEBE K THOMPSON, MD 
SAME EL G LATLOR III, :M D ’ 

AND 

LOIS F N DICKIE, BS 

CIIIC\GO 

Sc^eral repoits have lecentl} been made from this clinic concerning 
the effects of administering th}ioxine m ^allons foims oialh and 
mtiavenously in an alkaline solution These obser\ations ha\e shown 
that single doses of fiom 10 to 100 mg of pme thj’rovine administered 
by mouth or duodenum do not ha\e a demonstiable effect on the basal 
metabolism of patients uith myxedema, uheieas the oral administration 
of single large doses of monosodium th}ioxine and thyioxine in alkaline 
solution causes inci eases in the basal metabolism of 22 and 63 pei cent 
respectively, as great on the a^elage as the mciease pioduced by the 
intravenous injection of an alkaline solution It seemed impoitant to 
determine the effect of single laige doses of desiccated thjioid of the 
same iodine content for compaiison with these data We have pieviously 

Resident in Medicine, Cook Count}' Hospital 

From the Department of Medicine, Rush Medical College and the Presby- 
terian and Cook County hospitals 

1 (a) Thompson, W O , Thompson, P K, and Dickie, L F N Mono- 
sodium Th}roNine, Desiccated Thyroid and an Impure Sodium Salt of Th}ro\ine 
Comparison of Their Effects Mdicn Administered Orall} vith the Effect of 
Thyroxine Injected Intra\enousl} in an Alkaline Solution, Arch Int Med 52 576 
(Oct) 1933 (b) Thompson, W O , Thompson, P K , Dickie, L F N, and 

Alper, J M Effect of Alkali on the Absorption of Thjroxine from the Gastro- 
intestinal Tract, ibid 52 809 (Nov ) 1933 (c) Thompson, W 0 , Thompson, 

P K , Taylor, S G , III , Alper, J M , and Dickie, L F N The Effect of 
Various Compounds of Thyroxine on the Basal Metabolism Endocrinolog} 18 
228, 1934 (d) Thompson, W O , Thompson, P K , Dickie, L F N , and 

Taylor, S G HI The Iodine m the Thyroid Gland, West J Surg 41 431 
(Aug) 1933 (c) Thompson, W O , Thompson, P K , Ta}lor, S G, HI, and 

Dickie, L F N Oral and Duodenal Administration of Single Large Doses of 
Pure Thyroxine Comparison of Calongenic Effects vith Those of klonosodium 
Thyroxine and Thyroxine in Alkaline Solution, A.rch Int Med 54 818 (No\ ) 
1934 
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leported observations which suggest that the oial administiation of desic- 
cated thyroid and the intra\ enous injection of thyroxine in doses which 
contain the same total amounts of iodine pioduce equal increases in the 
basal metabolism, hen the comparison is made on the basis of the quan- 
tities of the two substances that have to be administeied eiei} day m 
ordei to hold the basal metabolism of patients with m 3 cxedema at the 
normal level • 


METHOD 

Five patients with myxedema s were used for this study, and in four of them 
the effects of giving thyroxine in various ways have also been determined In 
patients 1, 3 and 5 the myxedema was spontaneous, in the second patient it fol- 
lowed a subtotal thyroidectomy for exophthalmic goiter, and in the fourth patient, 
a subtotal thyroidectomy for a nontoxic nodular goiter Various parts of the data 
on the first three patients have been published, as they were collected^ to illus- 
trate other points 

The desiccated thyroid was hog thyroid (Wilson’s) containing 0 23 per cent 
iodine and was used m the form of 1 gram (0 065 Gm ) tablets All of the thyroid 
was from one lot except that given to the fifth patient Since the mode of adminis- 
tration, particularly with reference to food, may be important, these details are 
incorporated in the legends of the charts 

For all the patients, curves are recorded showing the complete effect on the 
basal metabolism of each administration of desiccated thyroid or of thyroxine 
These curves not only show the amount of increase in the basal metabolism, but 
make it possible to calculate roughly, by a method previously described,® the total 
number of excess calories produced 

The monosodium salt of synthetic thyroxine was administered in the form of 
tablets each of which contained 1 03 mg of the salt 

The Sanborn-Benedict and Benedict-Roth machines were used in making the 
basal metabolism determinations, and Aub-DuBois standards were used in the 
calculations 

2 Thompson, W O , McLellan, L L , Thompson, P K, and Dickie, L F 
N The Rates of Utilization of Thyroxine and of Desiccated Thyroid in Man 
The Relation Between the Iodine in Desiccated Thyroid and in Thyroxine, J Clin 
Imestigation 12 235 (Jan) 1933 

3 All of the data on the fifth patient and most of the data on the fourth 
patient were collected at the Cook County Hospital , the remainder, at the Rush 
Medical College and at the Presbyterian Hospital Dr Frederiok Tice and 
Dr Karl A Meyer allowed us to collect the data at the Cook County Hospital 

4 Thompson, W 0 , Alper, J M , Thompson, P IC , and Dickie, L F N 
The Effect of Diiodotvrosine on the Basal Metabolism in Myxedema, J Clin 
Imestigation 13 29, 1934, footnote 

5 (a) Thompson, W O , Thompson, P K , Braile}^ A G, and Cohen, 

^ C The Calongenetic Action of Thyroxine at Different Levels of Basal 
Metabolism in Mjxedema, J Clin Investigation 7 437 ( A.ug ) 1929 (b) 

Thompson, McLellan, Thompson and Dickie - 
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DATA 

The data aie recoicled in chaits 1 to 5 and summarized in tables 1 
and 2 In ordei to facilitate comparison, the eftects of all the doses of 
desiccated thyroid and of thyroxine have been calculated in terms of 
6 5 mg of iodine by the method indicated in the footnotes to the tables 
It ma} be noted that the effect of a given dose of desiccated thyroid 
vaned somewhat fiom patient to patient Thus, by calculation, the 
smallest absolute increase in basal metabolism for doses containing 
6 5 mg of iodine was 15 points (from minus 26 to minus 11 per cent) 
and the greatest, 28 points (from minus 39 to minus 11 per cent), 
while the average increase was 22 points (from minus 37 to minus 
15 per cent) The number of excess calories produced by the same 



Chart 1 — Comparison of effects of a single large close of desiccated th}roid 
with those of tlnroxinc gnen orally and intra\cnoush in a patient \Mth myxedema 
(Mrs M M, height, 159 cm, age, 58) A indicates intratenous administration of 
10 mg of sjnthetic thjroMiic in alkaline solution, B, oral administration of 
10 mg of synthetic thjroMiic in distilled t\atcr, C, oral administration of 10 mg 
of sjnthetic thjroxine in alkaline solution, D, oral administration of 2 75 Gm of 
desiccated thjTOid Details of the three administrations of thyroxine haie been 
published The dose of 2 75 Gm (42 4 grams) of desiccated thjroid uas gnen 
at 11 20 a m on April 30, 1933, the patient haMng had no food since 6 o’clock 
the night before A total of 250 cc of distilled water was used to vash down the 
tablets 

dose varied fiom 3,260 in the third patient to 9,795 m the fourth 
patient The average number was 7,405 

In the first four patients the effect of gnmg th}roxme intravenously 
in alkaline solution was also observed In the first patient the increase 
in basal metabolism pioduced Iw the oral administration of 2 75 Gm 




Chart 2 — Comparison of the effects of a single large dose of desiccated thjroid 
with those of thyroxine given orally and intravenously in a patient with myxedema 
(Mrs A R, height, 160 cm , age, 33) The treatment was as follows intra- 
lenous administration {A) of diiodotyrosine (in milligrams), (S) of 7 5 mg ot 
sjmthctic thyroxine in alkaline solution and (C) of 7 5 mg of natural thyroxine in 
alkaline solution, oral administration (D) of 7 5 mg of synthetic th^roxlne in the 
form of the monosodium salt, (£) of 7 5 mg of synthetic thyroxine m alkaline 
solution and (F) of 2 05 Gm of desiccated thyroid Details of the various 
administrations of thyroxine have been published The dose of 2 05 Gm 
(31 7 grains) of desiccated thyroid was given at 4 20 p m on April 24, 1933, 
the patient having had lunch about four hours before A total of 250 cc of 
distilled water was used to wash down the tablets 



Chart 3 -—Comparison of the effects of a single large dose of desiccated thyroid 
with those of thyroxine given orallv and intravenously in a patient with myxedema 
(Mrs M K, height, 152 cm , age, 36) Treatment was as follmvs intravenous 
administration (A) of diiodotyrosine in milligrams, (B) of 10 mg of synthetic thy- 
roxine in alkaline solution and (C) of 10 mg, of natural thyroxine alkaline solution , 
oral administration (D) of 10 mg of synthetic thyroxine m form of the mono- 
sodium salt, (E) of 10 mg of sjnthetic thyroxine m alkaline solution and (F) 
of 275 Gm of desiccated thyroid Details ot the various administrations of thy- 
roxine have been published The dose of 2 75 Gm of desiccated thvroid was 
given at 11 a m on April 10, 1933, the patient having fasted since 6 o’clock the 
night before A total of 250 cc of distilled water was used to wash down the 
tablets 
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(42 4 giains) of desiccated thyioid containing 6 3 mg of iodine (fiom 
minus 39 to minus 12 pei cent) was about the same as that produced 
by the intravenous administiation of 10 mg of thyioxine containing 
6 5 mg of iodine (from minus 40 to minus 11 per cent) In patients 2, 
3 and 4 the inci eases pioduced by desiccated thyroid were less than 
those pioduced by giving thyioxine mtra\ enously, the increases being, 
1 espectively, 59, 68 and 84 pei cent as gieat In othei words, in some 
patients the effect of a single large dose of desiccated thyroid may be 
nearl}^ twice as gieat as in othei s when the compaiison is made with 


6 — 0 



Chart 4 — Coiiipansoii of effects of oral administration of a single large dose of 
desiccated th 3 roid with those of intraAcnous administration of a single large dose 
of thvroxine in a patient with injxedcina (Mrs C F, height, 163 cm , age, 44) 
A.n intra\enoiis injection of 1 mg of sjnthctic tlnroxine (A) was made at 4 25 
p m on Feb 2, 1933, the tlnroMiie being dissolved with the aid of potassium h>dro\- 
ide A.n intra\enoiis injection of 10 ing of SMithetic thjroxine (B) was made at 
4 IS p m on Febniarj^ 11, the tluroxinc being dissohed b} the addition of 4 drops 
of a 10 per cent solution of potassium hjdroxide to its suspension m distilled water 
It was sterilized for injection bv placing the test tube which contained it m a 
beaker of boiling w'ater for tw entv mmutcs A dose of 2 75 Gm of desiccated th} - 
roid (C) w'as administered at 2 45 p in on April 30, the patient ha\ing had dinner 
at 11 20 a m A total of 500 cc of distilled w'atcr was used to w'ash down the 
tablets 

the effect of an mtiavenous dose of tliyioxme containing the same 
amount of iodine The met ease fiom desiccated th}roid in all four 
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])alients was 76 pei cent as great on the a^elage as that produced b}^ 
ilnioxine given ]ntra^ enously 

In the hist thiee patients ne have also observed the effects of 
giving thyroxine b> mouth m a solution of sodium hydi oxide 
and m the form of its monosodium salt (tablets) In the first patient 
the increase m basal metabolism produced b} giving thyroxine in 
alkaline solution was less than that produced by gnmg a dose of desic- 
cated thyroid containing about the same amount of iodine but in the 
second and third patients the effect was greater On the average, for 
quantities containing 6 5 mg of iodine, the th 3 ioxine given by mouth 



Chart 5 — The effect of oral administration of a single laige dose (2 75 Gm ) 
of desiccated thyroid to a patient with myxedema (A'lr G H, height, 194 cm , 
age, 54) The administration was made at 5 p m on Alay 12, 1933, shortly after 
suppei , a total of 500 cc of distilled water being used to wash down the tablets 

m an alkaline solution produced an increase in basal metabolism of from 
minus 34 to minus 13 per cent m the three patients, and desiccated 
tin 1 Old caused an increase of from minus 33 to minus 13 per cent, 
while thrioxine given intrar enously in an alkaline solution to the same 
three patients produced an increase of from minus 32 to minus 5 per 
cent Thus the changes produced by the oral administration of desic- 
cated thtioid and b}'^ an alkaline solution of th}ioxine w'^ere almost the 
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same, but m the two patients (second and third) in whom the com- 
parison was made, the effect of each w as about from two to three times 
as great as that produced by the oral administration of the monosodiura 
salt of thyroxine (from minus 31 to minus 23 per cent on the aveiage) 
There are some differences between the curves for desiccated thyroid 
and those for thyroxine In the first four patients the maximum 
increase in basal metabolism appeared to occur proportionately more 
quickly following the oral administration of single large doses of desic- 
cated thyroid (three days on the average) than following the 
intravenous administration of large doses of thyroxine (seven days on 
the average) In the first three patients the maximum increase also 
occurred moie quickly following the oral administration of desiccated 
thyroid (three days on the average) than following the oral administra- 
tion of thyroxine in alkaline solution (six da 3 'S on the average) In 
patients 1 and 4 the maximum increase in metabolism was sustained 
for a shorter period following the oral administration of desiccated 
thyroid than following the intravenous administration of thyroxine, 
with the result that the total number of excess calories pioduced by 
desiccated thyroid was less than would be expected fiom the increase 
in basal metabolism In the second and third patients, on the other 
hand, the numbei of excess calories produced by desiccated thyroid 
was roughly propoitional to the increase in basal metabolism In the 
first four patients the effect of desiccated thyroid was only 60 per cent 
as great, on the average, as that of thyroxine given intiavenousl}, when 
the comparison was made on the basis of the number of excess calories 
produced, as compared with 76 per cent when the compaiison was made 
on the basis of the increase in basal metabolism This difference in 
the average effect was caused chicfl} b)"^ the fact that in the first and 
fourth patients the effect of desiccated thyroid was only 62 and 50 per 
cent as great, respectively, as that of thjroxine given intravenously on 
the basis of excess caloiics, as compared with 97 and 84 per cent, 
1 espectively, on the basis of increase in the basal metabolism The 
leason for this difference is unknown 

When the metabolism had shown its maximum change and had 
begun to decrease, the rate of change seemed to be similar for both 
desiccated th} roid and thyroxine In the first foui patients the average 
time represented bv the descending portion of the cuiv'e for metabolism 
was forty-fiv^e days following the administration of large doses of 
desiccated thyioid, and forty-six daj's following the intiavenous injec- 
tion of thyroxine In the fiist tlnce patients the coi responding tunes 
for oral admimstiation of desiccated thyioid, oral administiation of 
thyroxine in alkaline solution and intiavenous administration of 
thyioxine m alkaline solution vv'eie, lespectivel) . foitv, foity-foui and 
forty-one days 
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The highei the metabolism before tieatment, the shorter is the 
duration of the effect, a phenomenon \\hich appeals to influence chiefly 
the number of excess calories produced lather than the absolute increase 
m the basal metabolism Thus the inciease m basal metabolism follow- 
ing the administration of 2 75 Gm of desiccated thyroid (6 3 mg of 
iodine) m the fifth patient was the same as that following the 
intravenous injection of 10 mg of thyroxine (6 5 mg of iodine) in 
the third patient, but a longer period was required for the basal metabo- 
lism to return to its level befoie tieatment m the fifth patient 
because of its greater initial depression, and hence the numbei of excess 
calories was greater Two observations which we have previously 
lepoited are pertinent to the inteipretation of all data showing the 
caloiigenic effect of thjnoxine and of desiccated thyroid 

1 At levels of metabolism below the noimal the effect of thyioxine 
given intravenously evei)^ day appears to be loughly propoitional to 
the dose when the dose is not sufficient to laise the rate above the 
normal - 

2 A given dose of thyroxine has much less effect when the metabo- 
lism IS normal before administration than when it is maikedly reduced 
(minus 40 per cent) ““ 

Following every administration of single laige doses of desiccated 
thyroid and of thyroxine the maximum clinical impiovement was 
observed while the metabolism was falling, and m every instance the 
clinical condition of the patient was much bettei when the metabolism 
leached its premedication level than before any treatment was given 

It IS of interest to combine the data of this paper with those previ- 
ously repoited in other parts of this study This has been done in 
table 2 The comparisons made in this table seem to be justified 
because the initial depression of the basal metabolism was nearly the 
baine foi most types of treatment It may be noted that, on the aveiage, 
the increases in basal metabolism produced by the oial administration of 
monosodium thyioxine, thyroxine in alkaline solution and desiccated 
thyioid aie, i espectively, 22, 63 and 69 per cent as great as that pioduced 
b) giving thyroxine inti avenously in alkaline solution In terms of 
excess calory pioduction, the coi responding figuies would be 18, 58 and 
48 pel cent, i espectively Thus, on the basis of equal iodine contents, 
the effect of oial administiation of single large doses of desiccated th}- 
roid is nearly the same, on the average, as that of oial administration of 
thyioxine in alkaline solution, while each pioduces from about two 
and one-half to three times as much effect as oral administration of 
inonosodiiim thyi oxine 

COMMENT 

The leasoii foi the vaiiation in effect of a given dose of desiccated 
tin 1 Old from patient to patient is not clear Since most of the thyioid 
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used ^\as fiom one lot, the dilterence can scaicely be attributed to 
variation m potency, and some other explanation must be sought The 
facts that the effect of thyroxine m alkaline solution is only 63 pei cent 
as great on the average ^\hen given by mouth as ^\hen gnen mtia- 
\enously and that desiccated thyroid has about the same effect, on the 
a\eiage, as thyroxine in alkaline solution vhen each is given by 
mouth suggest that some of the active i)imciple of both is destioyed 
in the gastro-intestinal tract or fails to be absoibed The data suggest 
that the process which is responsible foi failuie of absoiption piobably 
vanes from patient to patient 

The variation m absorption which results m a variation from 
patient to patient m the ratio of the calorigenic action of desiccated 
thyioid by mouth fiom that of thyroxine given mtravenousl} shows that 
comparisons of different prepaiations of desiccated thyroid with one 
another and with thyroxine m different patients may lead to eironeous 
conclusions and emphasizes the desirability of comparing the effects of 
different preparations in the same patient 

Since when small daily doses aie given over a long period, the 
effects of desiccated thyioid by mouth and of thyioxme inti avenously 
appeal to be the same on the basis of equivalent iodine contents, it is 
possible that absorption is more efficient when desiccated thyioid is 
given in small daily doses than when it is administered m single large 
doses 


SUMMARY 

In five patients Avith myxedema the oral admmistiation of single 
doses of desiccated thyioid caused an inciease m basal metabolism of 
from minus 37 to minus 15 per cent on the aveiage, and the pioduction 
of 7,405 excess calories on the average for eveiy 6 5 mg of iodine 

In four patients m whom the comparison w^as made, the calorigenic 
effect of the oral administration of a single large dose of desiccated 
thyroid vaiied from 59 to 97 pei cent (average, 76 per cent) of the 
effect of intravenous admmistiation of a single large dose of thyroxine 
containing the same amount of iodine when the comparison was made 
on the basis of the increase m basal metabolism, and fiom 50 to 
69 pel cent (aveiage 60 per cent) wdien the comparison was made on 
the basis of the ntimbei of excess caloiies pioduced 

In three patients in whom the coinpaiison was made, the inci eases 
in basal metabolism pioduced by these large doses of desiccated tlnroid 
were from 75 to 133 per cent as great as those produced by the oral 
administration of th}ioxme in alkaline solution on the basis of equal 
iodine contents, and on the aAeiage the effects of the two were appioxi- 
mately the same 
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If the data of the piesent study are combined with those previously 
lepoited, it IS found that on the average the increases in basal metabo- 
lism produced by the oral administration of monosodium thjioxine, 
thyioxine m alkaline solution and desiccated thyioid are, lespectuely, 22, 
63 and 69 per cent as gieat as that pioduced by the intravenous injection 
of thyioxine If the comparison is made on the basis of excess 
caloiies produced, the corresponding figures are, respectively, 18, 58 and 
48 pel cent 
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Since ^Velgelt^ fust dcscnbed the presence of a thymoma m a case 
of myasthenia giavis, leports of this association have become increas- 
ing!} fiequcnl, and gieat interest has been aroused in its significance 
We ha\e been foitunate in observing two patients with myasthenia gravis 
in whom tlnmomas weie found at neciopsy Alter and Osnato ■ sug- 
gested "that all cases of myasthenia gravis with definite pathologic 
observations sliould be lecoided, not only for the leason of their rarity, 
but that tlie\ may scive towaid the construction of an explanation of 
the pathologv of tlie disease, confiim part of it oi offer useful hints 
foi fuUne obscivation” For these reasons the following cases are 
lepoi ted 

REPORT OF CASES 

Casp 1 — Ihslotv — K F, a Greek housewife, aged 27, was admitted to the 
Lenox Hdl Hospital from the ophthalmologic dispensary on Dec 19, 1932, complain- 
ing of drooping of both eyelids Three weeks before admission, she had suffered 
from a mild attack of influenra At that time she also had a transient weakness 
of the left arm Shortly thereafter, she noticed a drooping of the left upper 
Cl did, which was follow'cd in rapid succession by involvement of the right eyelid 
•ind complete inabilitj to move either eyeball She occasionally “saw" double ” 

Her lustorj was essentially unimportant except for an attack of acute articular 
rlicnmatism ten ^ears before, wdiich had lasted for one month Her menses were 
normal She was married and had three children One daughter, aged 2 years, 
was deaf and dumb 

PIiviicol ]2\aiituiattoii — Phjsical examination revealed an obese white w'oman 
who w'as not acutelj ill The pulse rate was 88, the temperature, 998 F , the 
respirator! rate, 20, and the blood pressure, 120 systolic and 80 diastolic Her 
face Ind a maskhke expression Partial ptosis of both ej elids, complete bilateral 
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From the medical senicc of Dr 'V L 
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1 Weigcrt, C Pathologisch-anatomischer Beitrag rur Erbischen Krankheit 
Xciirol Centralbl 20 59-1, 1901 ’ 

a Osnato, M Mj asthenia Grans with Status Limphaticus 

and Multiple Tlnmic Granulomas, Tr Am Neurol A 55 303, 1929 
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external ophthalmoplegia and paraljsis of convergence ^\ere present The pupils 
were equal and shghth irregular, and reacted sluggishlv to light and distance 
The fundi and visual fields were normal There ^\as a marked fetor ex ons, and 
many teeth were missing The tonsils were enlarged and cr^ptlc, and contained 
cheesy material The heart, lungs and abdomen were normal The reflexes were 
active and equal, and no pathologic reflexes were elicited The sensorium vas intact 


Labotatoiy Data — Examination of the blood revealed red cells, 5,000,000, 
hemoglobin (Sahli), 85 per cent, white cells, 8,250, neutrophils, 79 per cent, and 
l}mphoc 3 tes, 21 per cent Blood chemistrj' showed urea nitrogen, 10 8 mg per 
hundred cubic centimeters , creatinine, 0 5 mg , uric acid, 2 8 mg , sugar, 74 mg , 
carbon dioxide-combining power, 55 7 volumes per cent, scrum calcium, 10 6 mg 
per hundred centimeters, and serum phosphorus, 3 7 mg The Wassermann reac- 
tion of the blood was negative The cerebrospinal fluid, obtained b\ lumbar 
puncture, was clear and under normal pressure, it contained 2 lcukoc\tes and 1 
red blood cell per cubic millimeter and 57 mg of sugar per hundred cubic centi- 
meters the globulin, Wassermann and colloidal gold tests were negatnc Routine 
unnal 3 'sis gav^e negative results except for the presence of calcium oxalate cnstals 
Determination of the total creatinine excreted in a twentv-four hour specimen 
of urine revealed 0 54 Gm A sugar tolerance test (100 Gm of dextrose orall 3 ) 
gave the following results 

Blood Sugar Urine Sugar 

Mg per 100 cc Mg per 100 cc 


Fasting 

45 min after dextrose 
2 hrs after dextrose 


94 

Neg 

266 

03 

270 

1 0 


Roentgenograms of the skull and chest showed no abnorniaht 3 On stimulating the 
biceps and peroneus muscles with faradic current, the strength of response showed 
a progressive diminution in marked contrast with that of normal controls of the 
same age group 

Com sc — The initial diagnosis was postinfluenzal epidemic encephalitis The 
patient was treated svmptomaticall 3 with a preparation of potassium iodide, sodium 
saliC 3 latc, str 3 chnine and caffeine Bv the earlv part of Februarv, a change in 
the clinical picture was evident General asthenia was progressive and extreme 
The patient complained of dizziness, generalized bodv pains and headaches Not 
onlv was she complete^ bedridden, but she was unable to lift her head from her 
pillow There was such marked fatigue of the jaws on chewing and d 3 Sphagia that 
it became necessarv to feed her through i duodenal tube There was almost 
no masseter or temporal muscle action, and she tired quicklv on talking Though 
normal at first, her speech would take on a mumbling and lisping character after 
a few minutes A slight right facial weakness was noted (fig 1) 

On Feb 14, 1933, she was seen b 3 Dr Foster Kennedv, who made the diagnosis 
of mvasthema gravis on the basis of the bizarre clinical picture She was given 

gram (0 375 Gm ) of ephedrme sulphate twice daih, which resulted in a slight 
improvement in her condition Slie looked brighter and began to move her 
upper eyelids slightly 

On March 5, the patient suddenly collapsed ^larked inspirator 3 distress was 
present The respirations were chicflv abdominal, and the nostrils were dilated She 
became cyanotic, the palpebral fissures were widened, the pupils were dilated and 
did not react to light, and no pulse was felt at the wrists On stimulation with 
epinephrine, caffeine and metrazol, and with oxvgen furnished through a nasal 
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»itlul<r ‘lie r.illia! iiul m ‘cxenl hours uas no longer chspncic or oanotic 
Jhc jniKc r-it< n is 112 in-l regular That das the temperature, uhich throughout 
tli( wliolc roiifsc ol the illness had been normal, rose to 1006 T 

I he next morning the patient appeared brighter and oxsgcn s\as temporanh 
discontinued Htr jiulse rite s\as not \cr\ forceful, but it was regular The 
Ik irt sounds were of fair quahts The blood pressure was 120 ssstolic and 8a 
di istohe The lungs were clear, except for occasional crepitant rales at both bases 
On Mareli 7, two da\s after her initial collapse, dsspnea and esanosis suddenh 
reetirred, and she complained of a choking sensation She sank rapidly and, in 
'jnle of artificial respiration and stimulation In epinephrine and caffeine, died 

Ncoofy ';^ — }vIacroscopic Kxammation The bodj w'as that of an obese white 
uonian, I'iO cm in length Ihc pupils were equal and shghth irregular, and 
were in inid-dilatation Luor and rigor mortis were marked 

Ihe skull was not examined The pleural caMtics contained no free fluid The 
right lung la\ free in the pleural cavil\ and w'eighed 325 Gm The pleural surface 
was smooth and glistening, except for extensne purphsh-red, slightlj depressed 



Fig I (case 1) — Photograph showing the masklike facies, ptosis of the eyelids, 
and right facial weakness 


irc.is 01 er the low'er lobe On section, the lung w'as edematous and reddish 
brown I lie portions of the lung beneath the depressed areas W'ere beefy red and 

urlcss The left lung was firmh adherent to the chest w^all at its apex and 
weighed 250 Gm It was similai to the right lung in appearance and on section 
I lie pericardial sac contained no excess fluid The heart w'as small, weighing 
—5 Gm The surface was smooth and glistening There w'as a moderate amount 
ol cpicirdial lat On section, tlie mjocardium was reddish browm The valves, 
aorta and coronars arteries showed no gross abnormalities 

In the anterior mediastinum was a mass, apparentlj’- composed of tw'o structures, 
extending down the anterior surface of the pericardium The upper half had the 
appearance of a Inpcrplastic tliMinis gland, except that it w'as somewhat firmer 
til 111 normal the lower half rising from the inferior pole of the gland, was a 
firm, o\aI. encapsulated nodular mass, measuring approximateh 4 cm in its 
longest and 2 5 cm m its shortest diameter On section, it was grayish white 
md trabecular and contained se\eral small areas of calcification 
The tlnroid and paratlwroid glands were grossly normal 
T he anterior abdominal wall measured 5 5 cm in thickness, only 0 5 cm of 
which was muscle The muscle fibers were dull brown The diaphragm was 
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extremely thin and almost translucent The peritoneal cavity contained no excess 
fluid The liver weighed 1,600 Gm Its capsule was smooth and not thickened 
On section, it ^\as congested and reddish brown The gallbladder and bile ducts 
appeared to be normal 

The spleen weighed 200 Gm The capsule was smooth and not thickened, and 
the surface was dark red On section, the pulp was soft and congested Malpighian 
corpuscles were visible 



Fig 2 — Photomicrograph of a section of tlnmoma, showing the anastomosing 
sheets of pol 3 hcdral cells and the scantj Ijmphocites Henlatox^hn and eosin 
stain , X 200 


The left kidiiej weighed 125 Gm The capsule was smooth and was stripped 
w'lth ease The surface w'as reddish brown, streaked with jellow opaque areas 
On section, it had the same mottled appearance and was decplj congested The 
cortex was of normal thickness and the cortical markings were distinct The 
right kidney weighed 150 Gm and was similar m appearance to the left 
The other \iscera exhibited no gross abnormalities 

Anatomic Diagnosis There w'cre congestion, edema and atelectasis of the 
lungs, atrophy of the heart, hiperplasia of the th\mus gland, tlnmoma, atrophv 
of the skeletal muscles, and congestion of the Iner, spleen and kidnej'S 
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iTrcS'^r InpcrplnMa of tlie intinw Sections from different portions of 
rnnaor >l,:n,c,l a 'o.n'al.n. >nr,ai p,c«.rc For ,l.e most part, .t .as composed 



Fig 3 — Photomicrograph of the same portion of tumor as shown m figure 2 
unclti high pow cr magnification Hcmato^.^ hn and eosin stain , X 850 


oi large mastomotic sheets of pohhedral cells, separated b}’ small amounts of 
e I'^ciil.ir fibrous tissue (fig 2) These cells had large acsicular nuclei and 
delniitc niiclcoh Ihc cetoplasm was acidophilic and granular, and the cell outlines 
were iiKli'<tmet Some of the cells had a flattened appearance (fig 3) Small 
miind cells were scante and were situated mamh about the blood vessels In other 
.ire as. large amounts of dense, fibrous stroma dnided the tumor cells into irregular 
idinds and round cells were more conspicuous In still other areas, the structure 
.ipprei.iehed tint ol the tinmus gland, round cells predominating o\er the thin 
eords ot pohphcdral cells (fig 4) The latter la\ adjacent to the capillaries 
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Mitoses ^\ere infrequent No plasma cells, eosinophils, giant cells or Hassall’s 
corpuscles were seen 

Marked edema, congestion and large areas of atelectasis were noted in the lungs 
A deposit of anthracotic pigment, edema and slight endothelial hjperplasia 
were present in a bronchial lymph node 

The muscle fibers of the heart were thin and atrophic, and many showed an 
increased amount of pigment about the nuclei The striations were indistinct. 



Fig 4 — Photomicrograph of a section of the same tumor, showing the 
resemblance of areas to the tlnmus gland Hemato\^hn and eosin stain, X 200 


and diffuse In aline degeneration was present OccasionalK a muscle fiber was 
necrotic and in these areas there were localized collections of round cells (fig a) 
The stroma was slightly increased and was edematous 

The Iner cells w'cre small and atrophic, and w'crc the seat of an adianced fatt\ 
degeneration In ireas, the cell outlines were indistinct, and earh necrosis was 
visible The sinuses were diffuseU and widclj dilated Kupffer cells were promi- 
nent, and some of them contained cellular detritus 

In the spleen the fibrous trabeculae were somewhat thickened The aeiiis 
especialh those within the trabeculae, were greath congested The reticulum 
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was moderately thickened m areas The sinuses contained an increased 
number of polymorphonuclear leukocytes, and the endothelium was h 3 'perplastic 
The pulp was irregularly edematous and showed scattered neutrophils and small 
amounts of hemosiderin pigment, both free and within the large mononuclear 
cells The arterioles exhibited rather advanced hyalinization of their walls and 
narrowing of their lumens The malpighian corpuscles contained an occasional 
secondary nodule 



rhage about a necrotTcTbef HematotZlreosm Znl'x^Too"’" ' 

jn the medulla! \vheTe"mrnronhTt^ especially 

Degeneration of the tubular epithelium was slight 

cortical cells exhibited marked vacuolar d suprarenal glands the 

all the cells, but was most marked m the^ ^''^tion which involved practicalh 

.he eo„a re.«.ans were ec^ ZZ 

areas a glanellAe appearance Many of the rla 11 111 “'‘'’'”7''' 

rhere were intense congestion and many small ho, Pigmented 

eona refcnlans The nrednlla was norma, ■" 
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The pancreas appeared to be normal except for autoljsis There was no 
evidence of abnormahtv in the uterus or ovaries, except a few small hemorrhages 
and edema of the endometrium The thyroid show'ed a slight increase in the 
colloid, with flattening of the acinose cells The paratlnroids appeared to be 
normal Examination of striated muscle from the abdominal wall and diaphragm 
showed the fibers to be atrophic The nuclei were often arranged along the 
periphery of the fibers, and occasional small collections of round cells (hmphor- 
rhages) w^ere present between them 



Fig 6 — Photomicrograph of a section of th 3 moma, showing the lobulation of 
the tumor by dense bands of fibrous tissue Henntoxjhn and eosiii stain, X200 


Case 2 — Hutoiy — L K, a Lithuanian, aged '14 a ears, w’as admitted to the 
Gouverneur Hospital on Dec 9, 1932, complaining ot extreme weakness For the 
past year he had been under treatment at the allergv clinic for frequent attacks 
of asthma About one month before admission, he became extremely weak and 
was unable to talk consccutivelv for anv length of tune without Ins aoice becoming 
inaudible He had a heaav feeling m Ins head and also a feeling of warmth at 
times About three weeks before admission he “lost his appetite for sleep,” so that 
for several days he had not slept, da\ or night There had been a moderate 
loss of w'eight in the past month 
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Physical Examination— Thz temperature was 996 F , respiratory rate 20, 
the pulse rate 80, and the blood pressure, 192 systolic and 108 diastolic The iace 
was expressionless, and a slight ptosis of both upper eyelids was present The 
pupils were equal and regular, and reacted to light and in accommodation Ihe 
fundi were normal No ocular palsy was demonstrated Conjunctival anesthesia 
and corneal hypesthesia were present The apex beat of the heart was in the 
sixth interspace within the midclavicular line The sounds at the apex were 
booming in quality No murmurs were audible The respiratory excursions were 
small, with prolonged expiratory murmur Occasional sibilant and sonorous rales 
were heard over both lungs Examination of the abdomen gave negative results 
The abdominal and radioperiosteal reflexes were absent The knee jerk reflexes 
were elicited bv reenforcement There were no pathologic reflexes or sensory 
disturbances Cooidination was good, and there was no ataxia 

A lumbar puncture revealed clear fluid which contained but 1 cell per cubic 
millimeter The globulin test gave negative results Six drops of the spinal fluid 
reddened Benedict’s solution Reactions to the Wassermann and Kahn tests were 
negative The colloidal gold curve was 0001122322 

A few hours after admission, the patient died suddenly 

Neciopsy — Macroscopic Examination The body was that of a well developed 
and well nourished white middle-aged man, 154 cm in length The pupils were 
equal and regular and were in nud-dilatation Rigor mortis was absent The 
brain and its coverings were apparently normal The right lung was densely 
adherent at the apex and weighed 380 Gm The left lung lay free in the pleural 
cavity and weighed 300 Gm There was an old scar at the right apex, and a 
moderate emphysema of the anterior borders of each upper lobe was seen 

The region of the thymus was occupied bv a very dense, encapsulated, sausage- 
shaped mass, measuring 9 by 3 cm It lay transversely across the trachea, great 
vessels and upper attachments of the pericardium It was difficult to cut, and its 
surface presented a lobulated structure The lobules were creamy yellow, and 
were separated by dense bands of fibrous tissue 

The pericardial sac contained no excess fluid The heart weighed 300 Gm , 
and Its surface was smooth and glistening The left ventricle was moderately 
hypertrophied The aorta and the left coronary artery exhibited a few atherom- 
atous plaques The valves were grossly normal The myocardium was light 
brown 


The liver weighed 1,530 Gm Its capsule was not thickened, and the cut surface 
was reddish brown The gallbladder and bile ducts showed no gross abnormalities 
The spleen weighed 150 Gm , and on section the pulp was congested and soft 
The kidneys weighed 130 Gm each The capsules were stripped with some 
difficult), and revealed a fine granular surface On section, the cortices were 
slightly narrowed and the markings blurred The blood vessels were prominent 
The other viscera exhibited no gross abnormalities 

Anatomic Diagnosis There were chronic adhesive pleuntis, pulmonary 
emphysema , hypertrophy of the left ventricle, atherosclerosis of the aorta and left 

coronary artery, thymoma, congestion of the liver and spleen and arteriosclerotic 
nephritis 


Microscopic Examination Sections through the mediastinal tumor showed 
It to be completely encapsulated by a thick layer of dense fibrous tissue from 
w ich wide trabecu ae radiated into its substance, giving it a lobulated appearance 
The trabeculae had a peculiar arrangement, branching off the mam trunk like 

eticuTar'ce l! T of large polyhedral or flattened 

cell ”val present "“e scnntv, and o„K an occasional plasma 
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The brain, lungs, liver and spleen were normal, except for congestion The 
heart showed hypertroph}' of muscle fibers, moderate degeneration and small 
focal collections of round cells 

The kidneys exhibited an advanced arteriolosclerosis, with many glomeruli 
in various stages of replacement b\ fibrous tissue Slight degenerative changes 
were present m the tubular epithelium 

The suprarenal capsule was somewhat thickened The cortical cells showed 
a marked vacuolar degeneration, especiallv in the zona fasciculata In some areas 
the degeneration had progressed to actual necrosis of the cells Marked hyperemia, 
numerous small hemorrhages and large collections of hemosiderin pigment were 
present, especialh m the zona reticularis 

COMUrCM 

A perusal of the liteiatme leveals that the diagnosis of ni} asthenia 
giavis frequently ofteis gre.it difficulties Because visual symptoms are 
usually the first to ap]ieai, an ophthalmologist is consulted befoie an 
Intel nist The initial diagnosis is fiequently encephalitis Both of our 
cases were so diagnosed The difficult} in diffcientiating between the 
twm conditions is fuithei enhanced by the fact that cases of epidemic 
encephalitis simulating myasthenia giavis have been reported “ liow'- 
ever, if the possibihtv of nn asthenia giavis is home m mind, the 
simultaneous occuiience of a laigc number of incongruous changes soon 
makes the diagnosis of encephalitis untenable As in case 1, the absence 
of fever and distuibance of sleep, the noimal spinal fluid, the bizaiie 
clinical pictuie of noimal leflexcs and sensoiium, associated with mus- 
culai weakness, and the quick fatigue on chewung and talking, wnth 
lecovery aftei icst, lead to the lecognition of the malad} In addition, 
\arious laboiatoiy proceduics have been advocated as diagnostic aids 

A numbei of w'oikeis (Pieichalla ' Mella ' Reutei “ and Keschner 
and Strauss ') leported a shadow in the legion of the tlnmus showm by 
loentgen lays m cases of ni) asthenia giavis Based on the frequent 
association of a thymoma in this disc.isc such a finding w'ould support 
the diagnosis How'evei, the absence of a shadow is of no significance, 
as many cases without this tunioi have been described , also, wdieu it 
actually is picsent. a i oentgenogi am of the chest can fail to le^eal it 
This point w'as w^ell demonstiated m case 1 

3 Grossman, AI Epidemic Enccplialitis Simulating M\ asthenia Grans, J 
Nerv ft Ment Dis 55 32, 1922 

4 Pierchalla, L Ueber die Rontgcnbehandlung der hyperplastiscben Tlnmus 
bei ilyasthema pseudoparahtica, Therap Ilalbmonatsh 16 504, 1921 

5 Mella, H Irradiation of the TIimiuis in Ma asthenia Gravis, AI Clin North 
America 7 939, 1923 

6 Reuter, A Zur Kenntms der M\ asthenia grans, Deutsche Ztschr f 
Nervenh 120 131, 1931 

7 Keschner, M, and Strauss, I !Ma asthenia Grans, Arch Neurol &. Psachiat 
7 337 (March) 1927 
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The so-called myasthenic or Jolly leaction, first desciibed by Jolly ® 
in 1895, makes possible a moie accuiate deteimmation of the fatigabil- 
ity of the skeletal muscles, and is of seivice in the eaily oi mild cases 
Williams and Dyke,® Halt and Nielsen and Roth observed a 
diminished sugar tolerance m myasthenia gravis The test performed 
in case 1 gave a typical diabetic cuive 

A diminished urinaiy excietion of cieatmme in myasthenia vras 
repoited by Williams and Dyke ® and by Moniad-Kiohn and Forsbeig 
Accoidmg to Peteis and Van Slyke,’^® the level of total creatinine excre- 
tion in twenty-foui houis in a noimal peison is constant and is dependent 
on his size and musculai development It may be expressed in the foim 

of a Cl eatinine coefficient mg . total crey.n.ne m 24 hour specimen oj . imn e 

boa> weight, Kg 

mally, the coefficient, based on total cieatmme, langes between 14 and 
22 in women It was 8 4 in case 1 

Accoidmg to No 3 ^es,^'* l 3 anphoi i liages can be demonstrated in the 
skeletal muscles m about 86 per cent of the cases of m 3 ’^asthenia gravis 
In obscuie cases, a biops 3 '- of the skeletal muscle ma 3 '^ be advisable 
Theie are two othei diseases, S 3 ^philis of the cential neivous system 
and tumoi of the biam, which must be consideied m the differential 
diagnosis The foimei can be excluded by the negative leaction of the 
blood and spinal fluid to the Wasseimann test and the noimal gold 
cuive, and the lattei by the absence of localizing signs, the normal spinal 
fluid and loentgenogiams of the skull 

The prognosis m this disease must always be guaided Sudden death 
in the foini of lespiiatory failuie has been fiequently lepoited but not 
sufficiently stressed 

The outstanding jrathologic changes in myasthenia giavis aie the 
abnoimalities of the th 3 mius and the so-called lymphoiihages of the 
skeletal muscles 

The association of abnoimalities of the thymus with m 3 ^asthenia 
giavis IS more than an accidental finding Stan, quoted by Bell,^° m 


8 Jolly, F Ueber Myasthenta gravis pseudoparalytica, Bcrl klin Wchnschr 
32 1, 1895 


9 Williams, B W , and Dyke, S C Observations on Creatinuria and 
Glycosuria in Myasthenia Gravis, Quart J Med 15 269, 1921 

10 Hart, H H Myasthenia Gravis with Ophthalmoplegia and Constitutional 
Anomalies m Sisters, Arch Neurol & Ps>chiat 18 439 (Sept ) 1927 

1 1 Nielsen, J M , and Roth, P Mi asthenia Gravis Report of Three Cases 
J Nerv & Ment Dis 67 32, 1928 ’ 


12 Monrad-Krohn, G H , and Forsberg, R Contribution to the Pathology of 
Myasthenia, Acta psychiat et neurol 5 247, 1930 

C„Tp'a° L 

Rhode "Sm j, 13 
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reviewing two hundred and fifty autopsies of myasthenia giavis, noted 
that a pathologic condition of the thymus was recorded in 28 pei cent 
of the cases BelP“ collected repoits of all cases with autopsy from 
1901, when Weigert^ fiist desciibed a thymic tumoi in association with 
myasthenia gravis, to 1917 He found that the thymus was definitely 
abnormal m 49 per cent of the cases Of the 49 per cent, hyperplasia 
was noted in 30 pei cent, and thymoma m 19 per cent of the cases Since 
1917, no large gioup of cases which came to autopsy has been repoited 
The hteiatuie contains a consideiable numbei of case leports, but most 
of them aie of cases which did not come to autopsy It is thus difficult 
to state the exact pi opoi lions of th3'mic tumoi s in myasthenia giavis 
with any degiee of accuiac} It is conceivable that they aie piesent 
in a greatei peicentage of cases than Bell's figures indicate 

Moreovei, it is fiequentl} difficult to dcteimine ^\hen the th}in!c 
hjperplasia has assumed the characteristics of a thymoma As in oui 
two cases, the tumor is usually of moderate size, is definitely encapsu- 
lated and exhibits no metastases, unless the lymphori hages in the 
muscles are consideied as such On section, it is cieam or lemon vel- 
low in color and often shows dense fibrous tiabeculations Micro- 
scopically, the paienchyma is composed of hmphocjtes, plasma cells and 
large pol}hedral cells The last-mentioned cells resemble, and are sup- 
posedly deiived from, the reticular cell Occasionally, giant cells and 
Hassall’s corpuscles aie found 'J he structure -varies -with the number 
of polyhedial cells present, and difteient areas of the same tumor are 
frequently dissimilai in this respect When ])ol}hedral cells are numer- 
ous, the lymphocytes aie scant) or absent and the structure lesembles a 
lymphosarcoma W'hcn scant\ the structure is that ol a simple hyper- 
plasia Occasional!) , as in case 2 a characteristic lobulation is found 

The significance of th)mic hyperplasia and th)momas m m) asthenia 
graMS IS still shiouded m lUAsten, hut that some lelationship does exist 
IS showm not only by the ficquenc) ot then occurience but b) the good 
lesults repoited in this disease following extnpation and iriadiation of 
the th)mus In this connection, it is of interest that status h inphaticus 
lesembles niv asthenia giavis m the asthenia and liabiht) to sudden death 
How^eeer, the fact that abnoimahties of the tlnmus haee not been found 
m all cases of m) asthenia giaeis stronglv militates against the assump- 
tion of an etiologic significance 

A possible explanation foi the th)mic abnoimahties mav he in the 
suprarenal changes In our two cases, the coitical cells weie the seat 
of an extensive eacuolai degeneiation -which m aieas had gone on to 
complete neciosis of the cells A numbei of authois called attention to 

IS Bell, E T Tumors of the Thvmus m M\nsthcnn Gnvis T Ner\ S, 
Ment Dis 45 103, 1917 
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the siipraienals in this disease Mandelbaum and Celler^® described 
acute congestion and a large lymphorrhage in the suprarenal coitex 
Mane, Bouttiei and Beitiand"" found an atiophy of the suprarenal 
glands as a factor in the disease Altei and Osnato ^ noted that the 
chromaffin substance of the suprarenals was diminished and that the 
medulla was ati opine 

The lelationship between lesions of the supiaienal coitices and 
asthenia, such as occuis in Addison’s disease and in chronic suprarenal 
insufficiency, needs no elaboration here, but that many such cases exhibit 
a hyperplasia of the thymus at autops}'' is not so well known Fol- 
lowing suprarenalectomy in the rabbit and rat, and less frequently in 
the dog and cat there occurs a rapid and remarkable regeneration of 
the thymus, even in old animals In infants, beginning about the 
second w^eek of extia-uteiine life, there occurs a spontaneous involution 
of the suprarenal coitex, coincident with a lapid inciease in the size 
of the thymus Finally, Mai me assembled much evidence m suppoit 
of the contention that status lymphaticus in man is dependent, m part 
at least, on a deficiency of some internal secietion common to both the 
suprarenal cortex and the gonads"^ AH these obseivations speak for a 
recipiocal relationship between the thymus and tlie supiarenal glands 
and stiongly suppoit the hypothesis that the pathologic changes in the 
thymus aie secondaiy to a degenerative lesion of the suprarenal glands 
The cortical extract which has been found to be efficacious in Addison’s 
disease may not be the onl)'’ hormone secreted, and in analogy to the 
pituitaiy syndromes, a derangement of another hoimone of the supia- 
lenal gland may be the causative factoi in myasthenia giavis 

In each of the cases cited, lymphoi rhages similar to those in skeletal 
muscles were found in the caidiac musculatuie This is an infrequent 
obseivation In addition to these lymphoi ihages, the caidiac muscu- 

16 Mandelbaum, F S , and Celler, H L A Contribution to the Pathology 
of Myasthenia Gravis Report of a Case with Unusual Form of Thymic Tumor 
J Exper Med 10 308, 1908 

17 Mane, P , Bouttier, H , and Bertrand, I Etude anatomo-climque d’un 
cas grave de myasthenic de Erb-Goldflam, Ann de med 10 173, 1921 

18 Rowntree, L G , and Snell, AM A Clinical Study of Addison’s Dis- 
ease, Philadelphia, W B Saunders Company, 1931 

19 Afanne, D , A'fanley, O T , and Baumann, E J The Influence of 
Thyroidectomy, Gonadectomy, Suprarenalectomy and Splenectomy on the Thjmus 
Glands of Rabbits, J Exper Ated W 429, 1924 Jaffe, H L The Influence 
of the Suprarenal Gland on the Thymus Regeneration of the Thymus Following 
Double Suprarenalectomy, ibid 40 325, 1924 Crowe, S J, and Wislocki, G B 
Experimental Observations on Suprarenal Glands in Reference to Functions of 
I heir Internal Portions, Bull Johns Hopkins Hosp 25 287, 1914 

mf' *'■ S ».» gl . nssncbcn .;, ere „, Dcclschc ,„cd 

21 Alanne, D Status Lymphaticus, Arch Path 5 661 (April) 1928 
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latuie showed degenerative changes The cause of these lymphoiihages 
IS obscuie, an infectious oi toxic agent nsuall} having been hypothe- 
cated Whate^er the cause, findings in oui cases indicate that the heait 
muscle IS not spared 

Atrophy of the skeletal muscle, such as occurred in case 1 , is also 
an infrequent observation 

The therapy of myasthenia gravis has been empirical, and therefore 
varied Schumacher and Roth -- reported the case of a patient with myas- 
thenia gravis associated with hyperthyroidism who benefited greatly by 
thymectomy This is a radical procedure, and there is not a sufficient 
number of patients so treated to warrant its acceptance 

Good results by means of iiiadiation of the th3mus were obtained 
by vai ions woi kers Mella stated, “The myasthenic s} ndroine may 
follow on tumor of the thymus and disappear on irradiation of the 
thymus region ” Moreover, Pierchalla ‘ advocated this form of treat- 
ment as a theiapeutic test, even though thymic enlargement maj not be 
demonstrable by roentgenograms 

To combat S}mptoms of suprarenal insufficiency, the extract of its 
cortex was emplojcd b) Mane and his co-norkers with some success 
Edgeworth-* tried fi\c diflerently picpaied suprarenal substances and 
found that the beneficial cficcts A\crc not constant nor nas muscle powei 
impi oved 

Laige doses ot strychnine were used foi this disease by Dana-^ 
with good lesults Edgeworth was the fiist to point out the beneficial 
results derived from ephediine It will be recalled that the patient in 
case 1 show'ed definite clinical impioiemcnt w’lth the use of this ding 

Remen and Boothbv ■’ leccntly reported excellent lesults follow- 
ing the use of gl3CocolI GI3COC0II presumabh acts in some wai on 
the metabolism of the muscle cell Since Wolff Keutmann and Cobb 

22 Scliunnclier and Roth Tlij niektomic bci cincm Fallc \on Morbus Basedowi 
nut M^ asthenic, Mitt a d Grenzgeb d Med u Chir 25 746, 1913 

23 Pierchalh * Mella ® Kcschncr and Strauss ’ 

24 Edgeworth, Harriet A Report of Progress on the Use of Ephedrme in 
a Case of M\ asthenia GraMS, J A M A 94 1136 (April 12) 1930 

25 Dana, C L asthenia GraMS A Therapeutic and Clinical Stud\, 

JAMA 78 261 (Jan 28) 1922 

26 Remen, L Zur Bchandlung dcr asthenia pseudoparah tica nut 
Glykokoll, Deutsche nied Wchnschr 58 889, 1932 

27 Boothbj, W M Mj asthenia Graais A Prelinunar\ Report on the Eftect 
of Treatment with Glycine, Proc Staff Meet, JiIa\o Clin 7 557 (Sept 28) 1932 
Boothbj, W IM , Adams, M , Power, M H , Edgeworth, H J^Ioersch, F P 
Woltman, H N, and Wilder, R M M-\ asthenia Gravis Second Report on 
the Effect of Treatment with Gh'cinc, ibid 7 737 (Dec 28) 1932 

28 Wolff, H G , Keutmann, H, and Cobb, S The Electrons ograni in 
Mvasthema Gravis, Brain 51 508, 1928 
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showed that the fundamental defect in myasthenia giavis is peripheral 
to the vential hoin cells and piobably in the muscle cell, such therapy 
IS lational 

SUMMARY 

1 The clinical course and findings at autopsy m two cases of myas- 
thenia giavis associated with th3miomas are reported 

2 Some diagnostic features of m3'asthenia giavis aie piesented 
the shadow in the region of the thymus noted in roentgenograms , the 
diminished creatinine output in a twenty-four houi specimen of uiine, 
the deci eased sugai toleiance, the Jolly reaction, and the presence of 
lymphorrhages in skeletal muscle obtained through biops3^ 

3 The fiequent association of thymomas with the m3^astlienic syn- 
drome is again emphasized 

4 Because of the degenerative changes found m the supiaienal coi- 
tices in our cases and in others in the literature, and because of the 
leciprocal relationship which appaientl3^ exists between the supiaienal 
cortex and the thymus, a new theoi3f is piopounded to explain the 
occurrence of thymomas m this disease 

5 The cardiac musculature in oui two cases exhibited the typical 
lymphorrhages which have usuall3'’ been described as being piesent only 
m the skeletal muscles 

6 Atrophy of the skeletal muscles, noted m one of oiii cases, is an 
infrequent observation 

7 A summai3’ of the tieatment of myasthenia giavis lecoided m 
the Iiteratuie is piesented 
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In 1859, von Rokitansk} ^ desciibeci two forms of softening of the 
stomach, one a gelatinous softening said to occur in infants and a second 
foim occuriing both in children and in adults The desciiption in each 
case suggests that the processes aic similai In describing the foiiner 
he said 

It appears to be a nietaniorpliosis — a softening — of the mucous membrane of 
the fundus, whicli extends to the muscular coat and the peritoneum converting 
them and the intervening interstitial cellular tissue into a grajish or gravish-red 
transparent jelly vvath a vellovvish tinge, through wdiich single dark brown streaks, 
the broken down blood vessels, arc observed to pass The softened portion 

of the stomach tears at the slightest touch, it dissolves between the fingers, and 
perhaps m rare cases these rents occur during life, Init probablv oftener after 
death, giving rise to effusion of the gastric contents into the abdominal cavitv 
The process is not, however, limited to the stomach, but frequentlj extends to the 
neighboring tissues, and chicflj to the muscular organs, and especiallv to the 
diaphragm Here, too, perforation is the final result, and with it there is effusion 
of the gastric contents into tiic left pleura 

Continuing, he said of gelatinous softening “It is frequentl} founded 
upon a demonstiable affection of the brain, pnncipall) hypertroph} 
oi h}diocephalus ” Rokitansk) desenbed his second foim of softening 
as “distinguished [fiom gelatinous softening] In an absence of colour in 
the softened tissues, oi rathei In then colour The panetes of the 
stomach ate conveited into a more or less saturated dark brov\n, or 
blackish pulp ” Discussing the etiologv . he said “It occurs both in 
children and adults as a sequela of acute affections of the brain and 
its membianes. and moie especially of tubeicular meningitis at the base 
of the biain ” 

Read before tlie Cliicago Neurological Societv, Nov 16, 1933 

From the Departments of Ncuropsvchiatrv and Patliologv, the Universitj of 
Wisconsin 

I von Rokitansky, C F Pathological Amtomv, London The Svdeninm 
Society, 1859, p 35 
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It remamed for Cushing,- m his Balfoui lectuie, to define a clinical 
syndrome in which gastromalacia and ulceis of the uppei poition of 
the gastio-intestinal tiact were definitely i elated to disease of the mter- 
hiain Eleven cases, illustrative of seveial types of lesions associated 
mainly with cerebial neoplasms, form the basis of his monogiaph The 
ground had been piepaied for Cushing by obseivations and experimental 
data pointing the way to this association Cushing’s theoiy of paia- 
sympathetic stimulation resulting in ulcei and softening has been forti- 
fied by observations made by him on human subjects into whom 
mtraventiicular injections of pharmacodynamic drugs were made 

The pill pose of this article is to present a series of cases in support 
of Cushing’s hypothesis of association with disease of the intei brain 

REPORT OF CASES 

Case 1 — Abscess of tbc fionfal lobe xvith tcnmnal meningitis, gasti omalacia 
with peifoiation iliiongh the dwphiagm 

G J , a woman, aged 48, was admitted to the medical service s on Jan 26, 1933, 
appearing very ill and mentally confused She had an infected lesion of the left 
cheek, which was treated by radium in February 1932, and in Afay 1932 she had a 
thyroidectomy and soon thereafter an operation on the sinus There followed a 
gradual change m personality, with lethargy and despondency alternating with 
marked restlessness and mild mama at times, together with weakness and loss of 
weight 

Examination revealed emaciation, pale, dry, scaling skin, exophthalmos on the 
left, a left nans full of pus, two large, discrete nodules in the left posterior cervical 
lymph chain, changes in the base of each lung, fever and cardiac hyperactivity 
A blood count revealed 4,090,000 erythocytes, 9,100 leukocytes (86 per cent neutro- 
phils) and hemoglobin 60 per cent 

At the neurologic examination (on February 9, after she had been in a comatose 
state for hours) the essential observations were edema of the disks, proptosis of 
the left eyeball with edema and induration of the tissues about tlie eyeball and 
firmness of the globe, flushing of the left cheek, stiff neck, weakness of all the 
extremities, exaggerated reflexes, bilateral Babinski reflexes, and muscular twitch- 
mgs During the examination, serous fluid flowed freely from the left nostril 
Two hours later, foul pus was draining from this nostril The temperature 
(axillary) was 100 4 F, the pulse rate, 112, and the respiratory rate, 36 The 
previous two weeks had been marked by rises in temperature to 102 6 F, the 
temperature at times dropping to normal and some days not rising higher than 
100 F The leukocyte count was 19,300, with 92 per cent neutrophils 

A diagnosis of abscess of the left frontal lobe and meningitis was made A 
spinal puncture yielded clear fluid under increased pressure, with 70 cells 
and a colloidal gold curve of 00123333210 Four hours later the temperature, pulse 


2 Cushing, Harvey Peptic Ulcer and the Interbrain, in Papers Relating to 
the Pituitary Body, Hypothalamus and Parasympathetic Nervous System, Spnn«-- 
field, 111 , Charles C Thomas, Publisher, 1932, p 175 

3 Dr Mane Cams permitted us to use this clinical material 
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rate and respiratory rate suddenly increased to 102 6 F , 140 and 44, respectively, 
and the blood pressure was 156 systolic and 60 diastolic From then on the tem- 
perature (axillary) mounted to 107 F before death at 4 a m 

Autopsy, five hours after death, revealed a dilated left pupil with bulging of the 
left globe Beneath the dura of the left frontal lobe an abscess was found extending 
from 1 5 cm posterior to tlie tip of the frontal lobe to the anteroposterior portion 
of the left thalamus, its walls thick and covered with greenish, ragged, necrotic 
material The base of the brain was covered with a thick green purulent material, 
and pus from a perforation of the abscess was extravasated into the sella turcica, 
the cribriform plate and the orbit 

Histologic examination of the interbrain (lenticular nucleus) re\ealed conges- 
tion, hemorrhage, areas of necrosis and perivascular lymphoid cell infiltration, with 
phagocytosis of hemosiderin (fig 1) A section from the base of the brain showed 



Fig 1 (case 1) — section from a focus in llie interbrain at the pcriplicrj of 
the abscess , X 125 

acute purulent meningitis There ^\as an acute inflammatory process m the 

pituitary gland 

The abdomen contained about 300 cc of cofTcc-ground fluid The stomach uas 
dilated and the wall was extremeh tlim, with a perforation 6 by 2 cm 
near the fundus on the anterior surface The edges of the perforation ^^ere dark 
green, soft and thin, with a minimal acute reaction The diaphragm in the region 
of the cardiac end of the stomach was digested, \\ ith a perforation 2 by 2 cm into 
the thorax Examination of the left side of the thorax re\ealed 250 cc of fluid 
similar to that found m the abdomen, with digestion of the parietal, visceral and 
diaphragmatic pleural surfaces The left lung was completely atelectatic at the 
base, with emphy'sema of the upper lobe and marked empliy'sema of the entire right 
lung 

Histologic examination of the stomach rciealcd a partial loss of mucosa in all 
sections taken near the areas of perforation and a complete loss of mucosa with 
plasma cell and Ivmphoid cell infiltration around the area of perforation Exami- 
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nation of the left lung revealed, m addition to the digestion of pleurae and atelec- 
tasis, early patchy areas of bronchopneumonia 

2 — Acute encephalitis, with maiked dtstiubance of the vegetative no voits 
system, multiple etoswns of the stomach and pofoiation of the esophagus 

W B , a man, aged 28, was brought in in a semicomatose state on March 7, 
1933 For four weeks he had complained of having a cold, but no one observed 
that he was ill until a few days before the onset of the acute condition, when he 
complained of headache and body pains and seemed to be less active and very 
drowsy On March 6 he was found asleep, and when aroused he continued to 
complain of headache and body pain 



Fig 2 (case 2) — A section from the midbrain (m a case of encephalitis), show- 
ing dilated blood vessels and perivascular infiltration, X 50 

The patient could be aroused, but made only monosyllabic responses During 
the first hour m the hospital his temperature was 101 F, the pulse rate 112, and 
the respiratory rate, 24 The blood sugar was 160 mg per hundred cubic centi- 
meters, and the nonprotein nitrogen, 37 mg Physical examination revealed a stiff 
retracted neck and back, there was no Kernig sign, but the patient’s legs resisted 
manipulation The blood pressure was 156 ■systolic and 100 diastolic, and the 
reflexes were normal A lumbar puncture yielded clear spinal fluid under normal 
pressure, with 5 cells and a colloidal gold curve of 0012221000 The spinal 
fluid sugar was 86 mg per hundred cubic centimeters The blood sugar at the 
same time was 113 mg It will be noted that in an hour’s time the sugar quotient 
dropped 47 mg without any fluid having been added to the circulation A blood 
count taken at the same time was as follows erythrocytes, 6,370,000 , hemoglobin, 90 
per cent, white cells, 11,900, polymorphonuclears, 95 per cent From this point 




Fig 3 (case 2) — Tlie stonnch and csopliagus showing gastronialacia and per- 
foration of the Cbophagus 



Fig 4 (case 2) — A section from the edge of the perforation of die esophagus 
(fig 2) , X 30 
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his temperature mounted steadily, reaching 1064 F (axillary) on March 8 He 
perspired profusely at intervals On March 8, the following observations were 
made deep coma, color, livid, reactive, miotic pupils, a Kernig sign on the left 
general hyporeflexia and blood pressure, 109 systolic and 70 diastolic On March 
9 a blood count revealed 7,240,000 erythrocytes, hemoglobin 100 per cent, and 
26,900 leukocytes The patient died at 5 15 a m on March 10 The temperature 
at 4 a m was 106 4 F The pulse could not be counted with accuracy after mid- 
night The respiratory rate varied from 20 to 32 until 11 15 p m on March 9, 
when it rose to 40 

Thus, m this case the entire symptomatology— hyperpyrexia, sweating, plethoric 
appearance, polycythemia, hypersomnia and disturbances of the pulse rate, respira- 
tion and blood pressure— suggests the disease process to be centered in the hypo- 
thalamic region 

Autopsy, four hours later, revealed congestion of the cerebral vessels Micro- 
scopic examination of the cortex and the midbrain revealed widely dilated vessels 
with perivascular lymphocytic infiltration and slight degeneration of the ganglion 
cells (fig 2) In the left pleural cavity was 500 cc of coffee-ground fluid, after 
removal of the fluid it was found that the visceral, posterior parietal and 
diaphragmatic structures as well as the pleura over the vertebrae had been par- 
tially digested, leaving the lung with a granular hemorrhagic surface and exposing 
the mediastinal structures A perforation in the esophagus (fig 3) about 3 cm 
in length was found on the left posterolateral surface just above the diaphragm, 
the edges of the peiforation were extremely thin, soft and stained dark green The 
wall of the stomach was also very thin, especially m the cardiac portion, where 
there were multiple erosions of the mucosa 

Histologic examination of the esophagus (fig 4) levealed congestion and 
edema, with widely dilated vessels, lymphocytic and plasma cell infiltration and a 
complete loss of mucosa near the area of perforation with a small amount of 
hemorrhage in the submucosa The stomach was extremely atrophic, there being 
only a few remaining undifferentiated glands with much congestion, lymphocytic 
infiltration and edema 

Case 3 — Tuinoi of the postcnoi fossa sexual piccocity, gastj omalacm , pci- 
forahon of the stomach and diaphiagm, localized peiitomtis and acute plcuusy 

L N, a boy, aged 10, w'as brought to the hospital by his parents on April 
IS, 1933 His illness started one year before, with frontal headaches, but did not 
seem serious until six wrecks previous to admission to the hospital At that time 
he complained of double vision, the eyes appeared to protrude and the left eyeball 
turned inward Two weeks later the Wassermann reaction of the blood was 2-f-, 
then 3-f-, while the reactions of the blood of the parents were negative During 
the three weeks just previous to hospitalization, his vision became impaired, and 
he staggered and held his head to the left He became restless and irritable and 
had difficulty in expressing himself During the twenty-four houis before admis- 
sion he had polyuria, photophobia and two convulsions 

Physical examination revealed a boy of precocious physical and sexual develop- 
ment He measured 60 inches (152 4 cm ) and weighed 85 pounds (38 6 Kg ) as 
against 51 inches (129 5 cm) and 61 pounds (27 7 Kg), the normal for his age 
There were fixed pupils, bilateral weakness of the sixth nerve, inability to roll the 
-eyes upward or downward, choked disks (6 diopters), hypotomcity, increased 
tendon reflexes, abortive ankle clonus, a bilateral Babinski sign, resistance to 
flexion of the neck, generalized hyperesthesia, marked ataxia and dysmetria The 
pulse rate was rapid, the temperature, normal, and the blood pressure, 124 systolic 
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and 94 diastolic The Wassermann reaction of tlie blood was 4-f Because of the 
positive Wassermann reaction a cisternal puncture was made, which revealed 
bloody fluid under increased pressure During the last week of life he was 
stuporous, with normal temperature, pulse rate and respiration until eleven hours 



Fig 5 (case 3) — The brain, showing the tumor CNlendmg into the third 
ventricle 



Fig 0 (case 3) — Jhe stomach showing areas of erosion, hemorrhage and 
perforations 


before death, wdien the^ suddenK changed — the pulse and respIrator^ r ites increas- 
ing rapidly until death with lijperthcrmia (temperature, 105 F, aMllan) 

Autopsy, tw'enty-cight hours after death, rc%ealed a large tumor arising from 
the superior surface of the cerebellum, measuring 7 Iw 3 5 by 3 cm and extending 
forward into a dilated tinrd ventricle, the medial surface of tlie thalami showing 
impressions of the tumor (fig 5), which proacd to be a teratoma In the cardiac 
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portion of the stomach (fig 6) were two perforations on the greater curvature, 
3 by 1 5 cm The surrounding wall of the stomach was thin and showed small 
areas of hemorrhage The neighboring peritoneum, including the surfaces of the 
spleen and liver, was roughened by a granular evudate The diaphragm above the 
involved portion of the stomach proved to be the location of a perforation of the 
diaphragm, 3 cm in diameter, irregular in shape with softened, discolored margins 
The left pleural cavity contained 500 cc of dark brown fluid The parietal and 
visceral pleura showed granular acute pleurisy and erosion 



Fig 7 (case 4) — A section from the pylorus , X 30 


Microscopic examination of the stomach lesion levealed inflammatory edema 
with diffuse submucosal hemorrhage and infiltration by lymphocytic and plasma 
cells 


The mteiest lesulting fiom the occunence of these thiee cases caused 
Dr Bunting to recall the ciicumstance of an infant dying of hemoiihage 
at birth and piesenting changes in the pyloric mucosa 


Case 4 —A girl, after a difficult laboi, was delivered by forceps Twitching of 
the extremities and spasticity of the legs led to a cisternal puncture which yielded 

fourteen hours after birth with hyperthemia 
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Autopsy, fi\e hours post mortem, revealed edema with subcutaneous hemorrhage 
throughout the posterior portion of the scalp and several localized small subcutane- 
ous hemorrhages m the anterior portion The cranial cavity contained bloody 
fluid, both above and below the tentorium cerebelh, and there was generalized 
congestion of the pia-arachnoid The anterior tip of the left temporal lobe appeared 
somewhat softer than the rest of the brain 

Microscopic examination of the brain revealed extreme congestion Histologic 
study of a section of the stomach taken for routine examination revealed super- 
ficial antemortem necrosis of the pyloric mucosa with leukocvtic infiltration (fig 7) 

Case 5 — Tuviot of the coi pus callosum, aitlcmoi tern hcmoiihagc, gaslio- 
malacta 

F J, a man, aged 31, had hcen known to ha%e a brain tumor since April 26, 
1932 He had sjmptoins of about one a ear’s duration, beginning with headaches, 



Fig 8 (case 5) — T lie brain, showing extensne nuasion by the tumor of 
the ^entrlcles and neighboring structures 


followed bj Jacksonian coneulsions, periods of desplnsn, right facial weakness, 
progressne right spastic liemiplegia, choking of the optic disks (6 diopters), 
desarthria and a defect of memore A cr.iniotonn failed to re\eal the tumor in 
the expected location This was followed be two courses of roentgen tberapv 
He was admitted to the hospital for the third time on Sept 17, 1933 A suinmarv 
of the obsereations on tliat occasion follows marked mental changes, partial 
motor aphasia, astereognosis, riglit facial weakness, apraxia of tlie tongue right 
homon 3 mous hemianopsia, right liemiplegia (arm more iinohed than the leg) and 
choked disks (5 diopters) A \ entnculogram was made througli a posterior 
trephination opening, revealing a midline lesion which obliterated the midportion of 
the lateral aentricles, flattening and depressing the roof of the third \cntricle The 
course of e\ents was marked bv increasing mental deterioration and stupor and a 
constaiitlj ele\ated blood pressure, but i normal pulse rate, until tbc last w’eek 
During the last week he betaine generallv rigid and took no food but w'as gnen 
from 600 to 1,500 cc of fluid daih \ large cmtsis of bright blood occurred on 
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November 15, and on one occasion subsequently there was an emesis of dark, thick, 
yellowish material Fever (temperature not higher than 102 6 F ) and an increase 
m the pulse rate from 130 to 180 and in the respiratory rate from 30 to 60 marked 
the last two days Death occurred on November 22 



Fig 9 (case 5) — A section from the tumoi shown in figure 8, X 280 


'T 



Fig 10 (case 5) — The stomach, showing gelatinous softening with hemorrhage 
and perforation (arrow) 

Autopsy, thirteen hours after death, revealed an extensive brain tumor which 
occupied the middle fossa, extending from the inferior surface of the frontal lobes 
posteriorly 8 cm to involve the left internal capsule and laterally through the body 
of the corpus callosum into each hemisphere (invading the lateral ventricles). 
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measuring 9 cm in its widest portion ^Microscopic examination of the thalamus 
(fig 9) revealed a spongioblastoma multiformc 

The stomach (figs 10 and 11) was dilated and contained 300 cc of greenish- 
black liquid which showed 2 degrees of free acid and 100 degrees of total acid 
The cardia of the stomach was extremelj thin, there remaining only a delicate 
transparent membrane The thinning involved the proximal third of the stomach 
A rupture 2 5 cm m diameter had occurred in the cardn antenorlj', from which a 
small amount of bile-stained liquid had escaped There was a slight degree of 
peritoneal reaction in the vicinity of the rupture A fairly sharp line across the 
fundus differentiated the acrv thin proximal portion from the distal thicker portion 
However, the distal two thirds of the w’all of the stomach w'as thinner than normal 



Fig 11 (case 5) — llic stomach (fig 9) opened, showang perforation and 
hemorrhage 

Flistologic examination near the rupture reeealed amorphous material which con- 
tained onlj a few strands of muscle fiber Other sections from the surrounding 
gelatinous area re\caled an extreme Ijinphocjtic infiltration and dilated blood 
vessels Sections from the distal two thirds showed a similar but less intense 
process 

Case 6‘ — Ilypct tensive eat (Iwz’asetdai disease zvith heinoiilwgc into the basal 
ganglions, gasti onialacia, csopliagonialacia and luptuic 

H S E, a trae cling salesman aged 46, on Jamiare 31 was found unconscious 
m his car, parked at the side of a hIghwa^ He was taken to a hospital in a 

4 Dr S B Pessin, pathologist, St Mar\’s Hospital, IMadison, ga\e the details 
of this case The pathologic specimens were presented before the staff of the Wis- 
consin General Hospital 


■V 
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town nearby, where he died four da 3 ’s later without regaining consciousness The 
only findings reported were fever, slow pulse rate and bloody spinal fluid Two 
months before, his physician had found retinal hemorrhages and a blood pressure of 
260 sjstohc and 130 diastolic, and had advised him not to drive an automobile 
The autopsy revealed an extensive hemorrhage involving the thalamus, the 
lentiform nucleus and the internal capsule, which had ruptured into the right lateral 
lentricle The cerebral vessels showed much atherosclerosis, particularly those of 
the circle of Wilhs The mucosa of the stomach was hyperemic, and there were two 
perforations, one 3 S by 2 5 cm on the anterior surface 5 cm below the cardiac 
sphincter and one 3 5 cm in diameter on the posterior wall which included 1 cm 
of the esophagus The left side of the thorax contained 1,000 cc of thin bloody 
fluid, while a smaller amount was found immediately below the diaphragm on the 
left side There were associated hemorrhagic pleuritis of the left lung with partial 
atelectasis of the lower lobe, emphysema of the right lung, localized peritonitis and 
perisplenitis The observation^ confirming the clinical diagnosis of hypertensive 
(malignant) cardiovasculorenal disease will be omitted 

COMMENT 

Each of the patients ^^as comatose foi twenty-foiii horns oi longer 
before death and could not have felt the pain of uiptuie No patient 
was actively digesting food duiing the twenty-foui horns preceding 
death In none was theie distention of the abdomen In the fiist three 
cases a sudden inciease in the pulse rate and respiratoiy late developed 
se3eral hours before death, which seems to maik the occurience of the 
peifoiation and eftusion of gastric contents into the peiitoneal or pleuial 
cavity In case 5. theie was a gastiic hemoiihage a week befoie death 

Theie seems to be no question as to the antemoitem nature of these 
obsei rations In all the cases histologic examination of the gastio- 
intestinal stiuctures showed hemoiihage and infiltration by plasma cells 
and leukocytes, definitely indicating active ciiculation and i espouse of 
the tissues The acute pleuiisy and localized peiitonitis in case 3 
and the atelectasis and secondary emphysema and early bionchopneu- 
inonia in case 1 aie indubitable evidence that the eftusion of gastiic 
contents into the left side of the thoiax and abdominal cavity occuried 
some houis befoie death If the sudden inciease m the pulse late 
and respiratoiy late is accepted as maiking the moment of luptuie 
in case 1 it took place twelve hours befoie death, m case 2, six houis 
befoie, and in case 3, eight houis befoie, death In case S a hemorihage 
occurred a week befoie death Laige quantities of coffee-giound mate- 
iial, m the absence of active digestion at the time of death, and the 
combined acid of 100 degiees m the contents of the stomach post 
moitem in case 5 aie evidence that there was active secietion in the 
stomach 

Cushing’s hypothesis of a paiasympathetic centei m the diencepha- 
lon has received suppoit fiom Beattie,^ woikiiig at McGill Umveisity 

5 Beattie, J Relation of the Tuber Cinereum to Gastric and Cardiac Func- 
tions, Canad M A J 26 278, 1932 
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This imestigatoi exposed the third ventiicle and stimulated the lateial 
margin of the infundibulum of his animal with an electiode Thiough 
the open abdomen vaiious obseivations weie made on the visccia The 
stomach showed inci eased peiistalsis and secietion of acid Theie de\ el- 
oped inci eased tonus and peristaltic waxes in the bladdei Hjperemic 
patches appealed m the mucous membrane of the lesser curvatuie after 
one-half hoiii of stimulation Section of the \ agus abolished these effects 
Furthei pi oof that the vagus supplies the end-organ in the stomach 
with stimulation fiom the tuhcial ccnteis was derned b} suturing the 
central end of the cut vagus wnth the peripheial end of a sexered phrenic 
neixc Aftei xxaitmg one hundied and eight) daxs foi legeneiation, 
stimulation of the tubei cineieum caused contraction of the diaiMiiagm 
Electiocaidiograms made dining the stimulation cxpciiments elicited 
piolonged auiiculox'entiiculai conduction time 

Little and his colle.igues, xxoiking m Cushing’s laboiatoiy, injected 
pilocaipme hxdrochlondc into tlic lateial xcntriclcs and found that 
gastric ulccis dex eloped m 94 per cent of then labbits IMicroscopic 
examination of these gastiic lesions rexealed aieas of local anemia in 
the mucosa accompanied hx surface hcmorihage and liquefaction necrosis 
extending as lai as the muscularis 

Cushing' demonstrated the cflcct of the intraxentriculai injection 
of solution of iMtiiitarx as xxell as of pilocarjnne hxdrochlondc in man 
Reactions to the two jirepaiations xxeic similar although solution of 
pituitaix did not pioducc xomiting The injection of 2 5 mg of pilo- 
carpine hx diochlonde resulted in a rise m blood pressure flushing, 
borborxgmi, nausea, xomiting profuse diaphoiesis, a diop m tempera- 
ture and finallx hlood-streaked xomitus The duration of s)mptoins 
XX as three houis 

The mterbiain is the highei center not onlx for the paras) mpathetic 
system but foi the sx mpathetic sxstem as shoxxn hx Beattie' xxdio bx 
stimulating the jiosterioi hx pothalamus, pioduced secretion of epineph- 
rine, an incieasc in the heart rate and diminished auriculoxentriculai con- 
duction time 

It IS xvith moie than jiassing inteicsl that these theories haxe been 
xiexxed foi expcnence xxith cncephaiogi aphx has led to the conxnction 
that the immediate and sometimes the more i emote effects of this pro- 
ceduie aie due to stimulation of the centeis about the third x^entiicle, 
hi ought about bx distention Vomiting and i etching arc an almost con- 

6 Little R \ , Bishop, C C , and Kendall, L G The Production of Gastric 
Lesions in Rabbits b^ Injection of Pilocarpine into the Cerebrospinal Fluid, J 
Pharmacol Exper Therap 45 227, 1932 

7 Cushing,- p 67 
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staiit feature dining the replacement of spinal fluid b}" air and occui 
first when from 40 to 70 cc of spinal fluid has been withdiawn (fiom 
30 to 60 cc of air replacing the fluid) This occui s at mteivals thiough- 
out the piocedure Pi of use perspiration and palloi aie the lule The 
pulse late fiequently slows to between 40 and 50 towaid the end of 
or shoitly after the proceduie The blood pressuie often shows a drop, 
but may show an unusual rise later, after the patient has letuined to 
bed Blood-stieaked vomitus has occui red on seveial occasions, and 
abdominal pain and desire to inmate have been noted 

In one patient, A F, with an unconfiimed neoplasm of the middle 
fossa, the effects of encephalogi aphy weie not evident until eight hours 
latei, when, with the patient m marked distiess, the house physician 
found the uppei pait of the abdomen distended On mseiting a stomach 
tube, 1,000 cc of thick, tail}'- material was removed, which took on the 
appeal ance of coffee-grounds toward the end of the aspiiation No 
evidence of fuither hemoirhage appeared and gastric studies a month 
later showed no defect in the mucosa These effects occur in spite 
of the admmisti ation of 9 grains (583 2 mg ) of phenobarbital sodium, 
which depresses the hypothalamic ai ea, according to Cushing ® It has 
been observed that vomiting does not occur unless the ventricles aie 
evacuated, and that in cases of marked internal hydi ocephalus few oi 
no s 3 'mptoms develop The lateral ventricles are apparently emptied 
before vomiting occurs, judging from the amount of fluid which has 
been removed, leading to the belief that it is the emptying of the third 
ventiicle and the distention by air which results in the distui bailees in 
the vegetative system 


SUMMARY 

Six cases of brain lesions associated with erosions and peifoiations 
of the nppei part of the gastro-intestinal tract are repoited 

Expel imental evidence of the location of parasympathetic and sym- 
pathetic centers in the interbrain is iiitiodnced 

The effect of encephalography on these centeis m the intei brain is 
discussed 

Note — Since this paper was submitted for publication two more 
cases hai^e come to our attention 

H K, a man, aged 46, had meningitis secondary to an abscess of the orbit 
which occurred in a degenerating tumor (adamantinoma of the left maxilla and 
orbit which had received roentgen therapy) When first seen his temperature was 
105 F He died in the hospital, on Sept 19, 1934, four days after the onset, with 


8 Cushing,- p 219 
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a tcmperatuie of 107 F His stomach contained a large quantity of greenish-black 
fluid which reacted positively to the benzidine test for blood and contained SO degrees 
of total acid The mucosa of the lesser curvature was studded with numerous 
petechial hemorrhages Microscopic examination of this area revealed mucosal 
congestion, hemorrhages and submucosal edema The interbrain was not studied 
The surface of the left hemisphere was covered with a purulent exudate 

D T, a girl, aged 12, had sjmptonis of disease of the basal ganglions for four 
vears previous to admission to the hospital on June 20, 1934 She died in a tonic 
convulsion on September 20, with a temperature of 105 F During the last two 
hours she v'omited coffee ground material which reacted positivel} to the benzidine 
test for blood Postmortem examination was limited to the brain, in which an 
infiltrating neoplasm was located in the basal ganglions and upper part of the brain 
stem which proved to be a spongioblastoma The gastric contents which were 
aspirated vielded a large quantitv of material similar to that vomited before death 



ADAMS-STOKES SYNDROME WITH TRANSIENT COM- 
PLETE HEART BLOCK OF VAGOVAGAL 
REFLEX ORIGIN 

MECHANISM AND TREATMENT 

SOMA WEISS, MD 

AND 

EUGENE B FERRIS Jr, MD 

BOSTON 

Complete auiiculoventi iculai dissociation has been studied exten- 
sivel}^ by physiologists and clinicians Through its unique physiologic 
mechanisms, the development of heait block often is associated with 
striking clinical manifestations The dissociation of the caidiac cham- 
bers also peimits an insight into otherwise concealed functions of the 
human heait The observations to be lepoited heie have yielded infoi- 
mation which throws light on the mechanism and treatment of a lare 
type of heait block heietofoie not completely undei stood 

REPORT OF A CASE 

Case 1 — Histoiy — On July 14, 1933, F H, a white man, aged 64, was 
admitted to the hospital in a stuporous state, following attempted suicide with 
illuminating gas The cause of this act was despondency because of fainting spells 
believed to be incurable, from which he had suffered for ten years The attacks 
manifested themselves in sudden dizziness or fainting lasting a minute or two 
and were usually precipitated by swallowing food, particularly sticky food, such 
as peanut butter and crackers Sometimes only a sip of water caused an attack 
The attacks developed at any time during the day, but most frequently in the 
morning after the first bit of food or drink was taken The dizziness and faint- 
ing were associated with pains along the lower portion of the sternum, descending 
toward the stomach At first the attacks appeared only two or three times a 
month, later, however they occurred two or three times daily 

The patient visited the outpatient department of the Boston City Hospital in 
1926 The physical examination at that time showed no abnormality Roentgen 
examination of the esophagus, however, revealed a dilatation of the lower portion, 
with a small diverticulum at the level of the fourth costochondral junction (fig 1) 
Several unsuccessful attempts were made to reproduce the attacks by swallowing 
Tincture of belladonna was given in adequate doses, which decreased the number 
of the attacks 

When admitted to the hospital, the patient was slightly cyanotic , the face was 
flushed, and the respirations were slow and deep These signs disappeared within 


From the Thorndike Memorial Laboratory, Second and Fourth Medical 
SerMces (Harvard), Boston City Hospital, and Department of Medicine, Harvard 
Medical School 
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twenty-four hours after recovery from the gas poisoning Tlie lieacl and the 
shape and expansion of the thorax were normal Tlie cardiac dulness was 10 cm 
to the left of the midsternal line in the fifth costal interspace, 8 cm m the fourth 
and 5 cm in the third The heart sounds were regular but rather distant The 
aortic second sound was louder than the pulmonary second sound A faint systolic 
murmur was heard o^er the apex The cardiac rate was usually slow — 48 per 
minute The peripheral vessels were moderately thickened and tortuous The 
pulses were equal The arterial pressure fluctu ited between 94 and 140 mm of 
mercur\ systolic and between 56 and 80 mm diastolic, the venous pressure ^\as 
less than 6 cm of water The rest of the plusical examination revealed no abnor- 
maht\ except a slightlj enlarged liver 



U I 

Fig 1 (case 1) — Roentgenogr iin of the esophagus filled with barium solution 
Appearance of the diverticulum in the left oblique anterior position The wide, 
rounded white area below the diverticulum is the cardiac shadow 


The red blood cell count w.is 4,600,000 per cubic millimeter, with <i hemoglobin 
of 81 per cent The white cells were normal in number and in tv pc The blood 
sugar during fasting was 94 mg, and the nonprotcin nitrogen 25 mg per hun- 
dred cubic centimeters Examination of the urine revealed no abnormalities 

The Cat dio'va'fciilai Sysiciii Bctuicn Itlack '! — As indicated, except for moder- 
ate thickening of the peripheral blood vessels, the cardiovascular svstem revealed 
no organic lesions The patient was active .ind quick in locomotion without experi- 
encing djspnea Repeated electrocardiograms failed to levcal anv abnormality 
(fig 2) Sinus brad 3 cardia was present at times There was also a prolongation 
of the P R intcrvaal up to 0 21 second on some occasions The heart rate at rest 
v'aried from 48 to 66 per minute The aiterial blood pressure also showed 
variation at rest 
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Spontaneous Attacks— On three occasions we had an opportunity to study the 
patient during attacks Following the swallowing of food, he complained of pain 
o^er the lower third of the sternum His face became pale, and his voice some- 
what hoarse The heart rate became slower and irregular The venous pulsations 
over the neck were more rapid than the apical heart rate The patient became 
listless, and in a sitting fposition his head drooped forward In one or two minutes 
he regained consciousness, which was associated with flushing of the face and 
the return of normal cardiac rhythm We had no opportunity during the spon- 
taneous attack to obtain an electrocardiogram 

Roentgen and Flnoi oseopic Obseivahons — ^Repeated roentgen studies revealed 
that the lower portion of the esophagus was dilated, and that at the lower third 
there was a hook-shaped diverticulum pointing anteriorly (fig 1) The cardiac 
shadow^ and pulsations were normal The pulmonary fields were clear except *for a 
few^ small shadows interpreted as calcifications The lesion of the esophagus was 
considered a traction diverticulum, resulting from previously active tuberculosis of a 
hmph node 



Fig 2 (case 1) — The normal electrocardiogram, leads I, II and III The 
P R interval was from 0 19 to 0 2 second 


Induction of Attacks — Following the discovery of the diverticulum of tlie 
esophagus, the question was raised as to the possible relationship between the 
mechanical irritation of the diverticulum and the fainting spells In order to test 
the relationship, a small rubber balloon, connected with a duodenal tube and wnth 
a mercury manometer, was swallow^ed by the patient Under the fluoroscope it 
was placed at a level corresponding to the diverticulum of the esophagus and 
was then distended A pressure of from 100 to 120 mm of mercury regularly 
induced a sensation of distress behind the sternum, followed by dizziness, blurring 
of vision and temporary loss of consciousness Release of the pressure promptly 
relieved the sjmptoms The patient stated repeatedly that all of the manifesta- 
tions associated with the induced attacks corresponded to those experienced during 
the spontaneous attacks 

Electrocardiograms obtained during such an observation revealed a complete 
auriculoventncular dissociation (figs 3, 4 and 5) Depending on the speed with 
which the pressure within the balloon rose, the onset of the heart block was 
instantaneous or delayed by a few' beats Coincidentally with the slowmig of the 
heart rate there occurred a moderate fall m the blood pressuie which varied from 
28 to 40 mm Control observations by distention above and below the level of the 
diverticulum failed to induce symptoms or heart block 
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Fig 3 (case 1) — Electrocardiogram, lead II Continuous tracing representing 
control electrocardiogram and the instantaneous onset of heart block with ven- 
tricular standstill following inflation of the balloon (the vertical white line) 
An Adams-Stokes attack occurred 



Fig 4 (case 1) — Electrocardiogram, lead II Continuous tracing representing 
the onset and disappearance of complete heart lilock with irregular \entncular 
rh\thm The \crtical white line in the control tracing (/I/) indicates clc\ation of 
pressure m the balloon, and the \crtical white line in the lower tracing {BD) 
indicates deflation of the balloon, followed b\ the return of sinus rlnthni During 
the period of block two t\pcs of acntncular complc\cs were present A.n Adams- 
Stokes attack occurred 



Fig 5 (case 1) — Electrocardiogram, lead II Continuous tracing representing 
the effect of inflation (vertical white line of BI) and of deflation (aertical white 
line of BD) of the balloon Following inflation of the balloon, heart block with 
a long period of aentricular standstill de\ eloped An Adams-Stokes attack occurred 
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I he Effect of Diugs— The fact that the Adams-Stokes attacks and Iieart block 
could be induced with regularity bv means of identical stimuli afforded an oppor- 
tunity for comparing the effects of therapeutic measures used in the treatment 
of the Adams-Stokes syndrome occurring with the onset of heart block 

Barium chloride was administered oraIl> at regular intervals over a period of 
forty-eight hours m doses of 30 mg, with a final dose of 60 mg During the 
period of administration the patient suffered from four spontaneous attacks Fol- 
lowing this period, after 300 mg had been administered, the experiments with 
the balloon were performed Severe Adams-Stokes attacks followed as usual 
The administration of barium chloride was therefore continued in doses of 30 mg 
A total of 150 mg was administered within the next eighteen hours, during which 
period the patient suffered from an additional attack Two balloon experiments 
performed at the end of this period resulted in the usual symptoms and electro- 
cardiographic findings, as shown in figure 6 The patient later took 30 mg foui 
times a day for a period of seventeen days, and, according to his report, suffered 
from nine spontaneous attacks of varying severity He believed, however, that he 
was somewhat improved 

Epinephrine was used in a 1 1,000 solution One dose of 0 5 mg , administered 
subcutaneously, induced no appreciable change in the cardiac rate or in the 



Fig 6 (case 1) — Electrocardiogram, lead II Continuous tracing representing 
the lack of beneficial effect of barium chloride Following gentle inflation of the 
balloon (vertical white line of BI), partial and complete block developed An 
Adams-Stokes attack occurred An ectopic auricular wave is present in the lower 
tracing 


arterial pressure A similar dose was therefore given fourteen minutes later 
One-half hour after the initial dose the systolic blood pressure had risen from 112 
to 130 mm, and the diastolic pressure remained at 64 mm The usual balloon 
experiment performed at this time failed to induce the Adams-Stokes attack An 
analysis of the electrocardiograms revealed, however, that although the syncope 
was abolished, the increase in the intraballoon pressure induced complete dissoci- 
ation (fig 7) In contrast to the irregular rhythm in the control experiments, the 
ventricle took up a remarkably regular ectopic rhythm at a rate only slightly' less 
than normal 


Ephednne sulphate in doses of 23 mg was administered at intervals of about 
tiree hours After a total of 184 mg had been administered within twenty-four 
hours, during which period the patient had no attack, the balloon experiments 
vyere performed The results of these observations were striking Although 
there was no appreciable change in the cardiac rate or in the arterial pressure 
stimulation of the diverticulum by means of higher balloon pressure than usual 
failed to induce the Adams-Stokes attack, although the electrocardiographic trac- 
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mgs revealed instantaneous development of heart block following inflation of the 
balloon (fig 8) These observations were repeated with identical results Thus 
ephednne, as epinephrine, in well tolerated and relativelj small amounts, abolished 
syncope but not the heart block The effect of ephednne manifested itself, as did 
epinephrine, m a prompt autonomic rhjthm of the \entricular pacemaker, with 
a relativel} high ventricular rate Ihis finding indicates that ephednne in rela- 
tively small doses increases the c^cltablllt^ of the ventricles The excitation 



Fig 7 (case 1) — Electrocardiogram lead II Continuous tracing representing 
the effect of epinephrine Following inflation of the balloon (white ^ertlcal line 
of Bl), partial, then complete, block followed A'otc that after deflation of the 
balloon (white sertical line BD) a change ot complete block to sinus rlnthm 
occurred without the transition of pirtial block The \cntricuhr rlnthm was 
remarkabh regular throughout and an \dams-Stokcs attack did not occur 



Fig 8 (case 1) — Electrocardiogram, Ic.id II Continuous tracing representing 
the effect of ephedrme Following inflation of the balloon (lertical white line 
of Bl), complete block with regular rh^thm followed Following deflation of 
the balloon (vertical white line of BD), there was a return to norinal rh\thin 
w'lth transient p irtia! block An A da ms- Stokes attack did not dci elop 

remains concealed as long as tlie supraiiodal pacemakers dominate the cardiac 
rhythm, but w'hen the function of these pacemakers is inhibited, it prompth 
becomes manifest During the period that the patient took ephedrme, no spon- 
taneous attacks developed 
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Atropnie sulphate ni a dose of 1 mg was administered subcutaneously, and six- 
teen minutes later, when no systemic effects were noted and the heart rate failed 
to show an appreciable elevation, the balloon experiment was repeated No mam 
festation of an Adams-Stokes attack followed The electrocardiographic t^racing 
revealed partial block coinciding with the stimulation caused by the balloon 
(fig 9) The PR intervals were from 028 to 0 32 second Twenty minutes after 
tlic administration of atropine, the balloon experiment induced no symptoms, and 
the electrocardiographic tracing revealed a partial block with a shorter conduc- 
tion tunc, varying from 021 to 0 26 second Twenty-one minutes after the first 
injection of atropine sulphate 0 5 mg more was administered, and seven minutes 
later inflation of the balloon failed to induce symptoms, and the electrocardiogram 
revealed a conduction time of from 0 17 to 0 18 second, which was shorter than 
that before tiie administration of atropine The effect of atropine was studied m 
another instance with similar results The remarkable finding in these experi- 
ments was the relatively small amount of atropine that was required to abolish 
the attack In a previous studv it was demonstrated that for the complete motor 



Fig 9 (case 1) — Electrocardiogram, lead II Successive tracings indicating 
the effect of the administration of atropine Tracing 1 was obtained sixteen 
minutes after the subcutaneous administration of 1 mg of atropine sulphate Infla- 
tion of the balloon (vertical white line) induced prolongation of the P R con- 
duction time and abolished the symptoms Tracing 2 was obtained twenty minutes 
after the subcutaneous administration of 1 mg of atropine sulphate The pro- 
longation of the P R interval was less Tracing 3 was obtained twenty-eight 
minutes after 1 mg and seven minutes after 0 5 mg of atropine sulphate was 
administered All of the changes were abolished 


paralysis of tlie vagus endings in the heart it was necessary to administer from 
3 5 to 5 mg of atropine ^ 

Reports from the patient, following discharge from the hospital, indicated 
that the attacks were completely controlled by the administration of one tablet of 
/ijo gram (0 00054 Gm ) of atropine sulphate three times a day 

T/!c Reflex Natiue of the Synd, omc —Thz relation of the location of the 
dverticulum to the position of tlie vagus nerve chain, the precipitation of the 

r } Graff, A C , and Weiss, Soma Observations on the Extrinsic Nervous 
Control of the Auricles and Ventricles m Complete Aunculo- Ventricular Plnrk 
’n Man, J Clin Investigation 2 227 (Feb) 1926 Ventricular Block 
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attack bv the swallowing of food and by the distention of the esophagus and 
the effect of atropine in abolishing the spontaneous as well as the induced attacks 
suggested that stimulation of the vagus nerve was responsible for the attacks In 
order to ascertain whether the attacks resulted from direct local stimulation of 
the motor fibers or whether they developed through stimulation of the sensorv 
fibers of the nerve trunk sending up impulses into the medullarj centers, whence 
motor impulses are then discharged, the following studies were devised 

After control observations with the balloon experiment had indicated the induc- 
tion of the Adams-Stokes svndrome and complete dissociation of the heart, first 
the right and then, on another day, the left vagus nerve trunk were infiltrated 
with procaine hvdrochloride below the level of the carotid sinus Under these 
conditions repetition of the balloon experiment should continue to induce heart 
block if the effective stimulus acts on the motor nerve, on the other hand, the 
stimulation of the diverticulum should fail to induce heart block, with the patli 
of the sensory impulses blocked, if the stimulus acts on the sensori nerve 
Repeated observations following the injection of procaine hvdrochloride into either 
of the v'agus nerves revealed tint heart block or svneope could not be induced 
when the injection was made high in the neck (fig 10) 'Ihese observations 
establish the reflex nature of the attacks Since the afferent depressor nerve, as 



Fig 10 (case 1) — Electroc irdiogr un, lead II. representing the effect of pro- 
camization of the right vagus sheath m the neck Tracing 1, the control, shows the 
usual development of block with an Adams-Stokes attack alter inflation of the 
balloon Tracing 2 was made after procainiration The heart rate increased, and 
the cardiac mcch.imsm remained unaltered following inflation of the balloon 


well as the sensorv nerve fibers nf the v igus nerve, runs parallel to the vagus 
nerve, the question might be raised whether it is the .iffercnt vagus nerve or the 
afferent depressor nerve that is active in the precipitation ot the reflex The fact 
that small doses of atropine abolished the heart block and svneope stroiigh sug- 
gests that the nature of this reflex was v igovagal rather than depressor-vagal 
7/ir Effect of Sliiiiulatioii of the Caiotid Siitut and the Evcbalh — hen the 
v^agus was anesthetized locallv in the neck, the possibihtv that the intercarotid 
nerve was also anesthetized could not be ruled out For this reason the effect of 
the stimulation of the carotid sinus was tested As indicated m figure 11, this 
stimulation induced a slight temporarv slowing of the heart rate, a finding ni 
accord with our contention that one abnormal cardiac or vasomotor reflex, such 
as the carotid sinus reflex, coexists with other vasomotor reflexes that are normal - 


2 Weiss, Soma, and Baker, J The Carotid Sinus Reflex in Health and 
Disease Its Role m the Causation of Fainting and Convulsions, Hedicine 12 29/, 
1933 
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It imN also be contended, finalh, that ^^hen the vagus trunk ni the neckjvas 
narahzcd with procaine hydrochloride, the simultaneous unilateral depression 
the carotid sinus ma^ have indirectly depressed the central vagus tone and hen^ce 
the stimulation of the vagus motor fibers remained ineffective Our actual 
experiences with the behavior of the carotid sinus m man do not support this 
contention We have demonstrated that unilateral paralysis of the carotid sinus 
does not interfere with the cardio-inhibitory effect of the vagus nerve when the 
carotid sinus of the unanesthetized side is stimulated Indeed, m a number of 
instances the intensity of the cardio-mhibitory reaction and the severity of Adams- 
Stokes attacks became increased 2 Just as the stimulation of the carotid sinus 
failed to elicit abnormal response so also did pressure on each eyeball 

The InUacmdiac Mechanisms of the Onset and Disapfcai ance of Hcatt Block — 
This study afforded an unusual opportunity to analvze the changes associated with 
the occurrence and disappearance of heart block We have therefore systematically 
analyzed particularly the conduction time (P R), the width of the ventricular com- 
plexes (QRS) and the electrical systole (Q T) Between the attacks the only 
abnormal feature of the electrocardiogram Avas the occasional prolongation of the 
PR mtcr\al The PR intervals varied between 017 and 0 24 second These 



Fig 11 (case 1) — Electrocardiogram, lead II The continuous tracing repre- 
senting the effect of pressure on the right carotid sinus The vertical white line 
of the upper fracing indicates the application of pressure, and the line of the lower 
tracing, the release Note the slight prolongation of the P R interval and the 
slowing of the heart rate No symptoms developed 


variations were apparently related to changes in sensitivity in the reflex arc On 
inflation of the balloon there usually follorved from two to four beats with pro- 
longed P R intervals, after which auriculoventricular dissociation, associated 
with asystoles or ectopic beats, occurred Frequently the pressure m the balloon 
fell temporarily, or peristaltic movements of the esophagus gradually earned the 
inflated balloon away from the site of the diverticulum, and hence the dissociation 
was interrupted by the returning domination of a higher pacemaker The fact 
that the development of complete dissociation was not instantaneous but was 
frequently preceded by prolongation of the PR interval was the result of gradual 
induction of pressure in the balloon In a few instances, when the pressure was 
induced suddenly , the dissociation from the normal cardiac mechanism occurred 
instantaneously 

An analysis of the PR intervals with progressively increased pressure in 
the balloon indicated that wdien the intervals became prolonged up to 0 32 second, 
auricular impulses still got through regularly The highest interval with ventricular 
response was 0 35 second With the release of pressure, partial block first 



940 


ARCHIVES or INJERNAL MEDICINE 


developed, the P R interval then graduallj decreasing to the normal conduction We 
are unable to state whether this regular occurrence was the result of the gradual 
release of pressure or of fatigue of the conductive system following the vagal 
inhibition With the inflation of the balloon there occurred a moderate slowing 
of the auricles 

Analvsis of the duration of the Q R S complexes, as well as of the electrieal 
s\ stole CQT), revealed no definite changes during the state of dissociation 

Tiin LrrncT or rpiiiDRiNn on tiii: blood flow in a 

CASE or COMPLETE HEART BLOCK 

Obsenations in case 1 indicated that following the administration 
of ephedrine the syncope w'as abolished, although the complete cardiac 
dissociation occtined as he foie In order to throw' light on the possible 
effect of ephedrine on the blood flow', the cardiac output in a case of 
complete heart block w'as studied on se\en occasions The rate of blood 
flow' W'as meastiied by the aeehlene method of Grollman ^ and b) the 
optical method of Brocmsci ' In therapcutie doses similar to those 
admimsteied to the patient with transient heart block ephedrine did 
not change the minute oi the stioke \olume output of the heart The 
stroke \olume in this case was moie than double the normal volume 
befoic and aftci ephcdime w'hich is in harmoin with previous experi- 
ence ® 

THE EIl'LCI or DISIINIION OF THE ESOPHAGUS 

Ihe close pioximity of the \agus ner\cs to the esophagus suggested 
the necessity of contiol obsenations on the cflcct of distention of the 
esophagus This procedure was therefore carried out. in addition in 
tw'O 1101 mal subjects, in two patients in whom fainting attacks A\ere 
induced bv caiotid sinus piessuie and m one jiatient with a dnerticulum 
of the esophagus similai m jiosition and extent to that m case 1, but 
without spontaneous fainting attacks In none of these subjects weie we 
able to induce any caidiac slowing oi s}mptoms of faintness or di/ri- 
ness In a study of the mechanism of Msccial referred pain Weiss 
and Davis'’ also lepoited that distention of \aiious portions of the 

3 Grollnnii, A T lie Determination of tlie Cardiac Output of ^fan bi tlie 
Use of Acet\lene, Am J Phjsiol 88 432, 1929 

4 Broemser, P , and Ranke, O F Ueber die Messung des Sciilagiolumens 
des Plerzens auf unbUitigem Weg Ztsclir f Biol 90 467 1930 Lauber, II Ueber 
arteriellc Blutstroimiiig m normalem und krankbaftem Zustand Ergebnisse einer 
spin gmo-manometriscben Krcislaufuntersuchung Frgebn d inn Med u Kinderh 
44 678, 1932 

5 Ellis, L B , and Weiss Soma Studies in Complete Heart Block I The 
Cardiac Output and the Peripheral Circulator! Mechanism, Am I AI Sc 182 19S, 
1931 

6 Weiss, Soma, and Davis, D The Significance of the A.flFerent Impulses 
from the Skin m the Mechanism of Visceral Pam Skin Infiltration as a Useful 
Therapeutic Measure, Am T M Sc 176 517, 1928 
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esophagus in a gioup oi normal subjects was never associated with 
di/'/mess oi fainting or rrith cardiac irregularity 

RCPORT or ADDITIONAL CASES WITH ADAMS-STOKES ATTACKS 

or NERVOUS ORIGIN 

In addition to case 1, studied extensively, we wish to leport tno 
cases in which the clinical and electrocardiogiaphic obsei rations demon- 
stiate the development of Adams-Stokes attacks piobably also of vago- 
vagal leflex origin In lioth cases the heart between attacks rvas appai- 
ently noimal 



Fig 12 (case 2) — The normal electrocardiogram, leads I, II and III 


Case 2~Histoiy—A housewife, aged 59, was observed in the Peter Bent 
Brigham Hospital in 1921 She had always been in good health until ten days 
previous to entrance to the hospital when fainting spells developed She had 
tainted about thirty times The attacks occurred m any position, and they were 
precipitated usuallv by swallowing, by something touching a “certain spot” in 
the throat and by dryness of the mucous membrane of the mouth The attacks 
are described in the record as follows The patient complained of a peculiar dr) 
sensation in the left side of the throat associated with a sharp pain radiating 
toward the ear The eyes were tightl> compressed The mouth closed firmly 
The patient moaned There were marked pallor of the face and distinct slowing 
of the pulse Lateral oscillation of the eieballs was noted The patient appeared 
to be in a semiconscious condition during a mild attack, complet^ unconsciousness 
characterizing the more severe attacks As the attack progressed the pupils 
became wideU dilated, until the ins was practically iinisible, and there was no 
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reaction to light Diffuse perspiration broke out over the face Tense contrac- 
tions of the arm and sometimes of the legs, hands and feet occurred The 
patient breathed more rapidly Sometimes there was a conjugate deviation of 
the ejes up and to the left The pupils then returned to normal size, and the 
patient breathed in a normal manner 

Physical Exaiiiwatiou — The structures of the oral cavitj' appeared to be 
normal The tonsils were not infected There was marked pulsation of the right 
side of the neck The Ijmph nodes were not palpated The rest of the examina- 
tion gave essentially normal results Between the attacks the normal-sized heart 
was regular, with occasional extrasj stole During attacks the cardiac rate fell 
usually from 80 to 40, and the pulsations of the soft arteries could not be felt The 
serologic tests and other examin itions of the blood and urine did not jield per- 
tinent information The roentgen examination of the neck ga\e negatne results 
The electrocardiograms between attacks were normal These attacks were pre- 
cipitated b\ gagging the patient with a tongue depressor, b\ pressing the left ejeball 



Fig 13 (case 2) — The effect of "agg iig (tracing /) and of pressure oeer 
the left e\eball (tracing B) Both procedures induced marked slowing of the 
heart due to long sinus pauses 

and bj stimulation of tlic aagus b\ pressure o\cr the sheath DIectrocardiograins 
obtained during tlie att icks rceealcd markedh prolonged irregular sinus pauses 
up to about four seconds No partial or complete block was present (figs 12 and 
13) Spraeing of the throat with cocaine prcecnted the attacks, which after two 
weeks m the hospital show’cd no tcndenca to return The patient was discharged 
improved In April 1922, a senes of similar attacks returned Following tonsil- 
lectomy, all of the simptoms disappeared, and the patient was enjoiing good health 
wdien last seen, in December 1933 

Obviously in this case, too, Aclams-Stokes attacks weie precipitated 
through a nervous meclianism in a patient tvho apparently had a struc- 
turally noiinal heait It is of special inteiest that the source of attack 
was simple sinus slowing of the heait due to stimulation of the vagus 
nene, and that the stimulation of the aagus neive could be obtained 
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Fig 14 (case 3) — Control electrocardiograms, leads I, II, and III Lead III 
shows transient auriculo\entricuIar block, caused probably by swallowing 
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probably reflexly through stimulation of a sensoi}' branch of the eyeball 
or the vagus "sheath ” Thus, m this case marked A^agal slowing could be 
induced from moie than one aflerent nervous channel of the parasvm- 
pathetic S 3 ^stem 

Case 3 — woman, aged 28, was rcpeatcdlj obser\cd b\ Dr John Allen 
Oille of Toronto Since the age of 2 3 cars slie iiad liad attacks of s\ncope coming 
on particular!} during meals After 1929 the attacks ajipeared more frequenth and 
at any time during the da} The patient became unconscious when pla}ing the 
piano or reading or e\en w'hcn W'alkmg Between attacks the results ol ph}sical 
examination and the electrocardiogram were normal When the patient swallowed 
food the ventricle missed from one to four beats \t times, presumabK when 
the ventricle missed more beats, she became imcoiiseious Electrocardiographic 
tracings rev'ealed partial and conqilcte heart block after food was swallowed (figs 
14 and IS) \tropme m doses of 1 mg abolished block 

COMMUXT 

Tiansieiil and Ncuiogcnic Hcait Block — The clinical aspect of 
case 1, as well as the relation of the Adams-Stokes attack to the 
esophageal dneiticulum is unique and, so fai as we know, has not 
heretofoie been reported 'J ransicnl complete block m association with 
the Adams-Stokes syndrome from any souice is <i relatively rare 
condition In repoiting a c<isc of transient com])letc block m 1923 
Caitei and Dicuaide ' were able to collect eight additional cases previ- 
ously leported Since that time Kahler,'* G.igei and P.iidec" Caiter 
and DIcEachein Cheer and T’ang ” and Gager have ie])orted cases, 
and these with oui two eases, make a tot.il of sixteen that aie famihai 
to us In the majoiit} of these instances the tiansient heait block 
soon changed to peimancnt block, and morjihologie examination of the 
heart icvealed 01 game lesions m the conductive mechanism or in the 
coronarv arteries Thus in the majoritv of instances the picdoinmant 
underl 3 ing lesion was stiuetur.ii, within the heart 

Heait block of neurogenic origin is particularh raie although in 
the earlier hteiature cases have been lepoited m which the souice of 

7 Carter, E P, and Dicuaidc, F R Recurrent Complete Heart Block witli 
Xormal Conduction Between \ttacks. Bull Tolins Hopkins Hosp 34 401, 1923 

8 Kaliler, H Ziir Kenntnis des ncurogtnen Adams-Stokes, Wien Arcli f 
inn Med 7 207, 1923 

9 Gager, L T , and Pardee, H E B Intermittent Complete Heart-Block 
and Ventricular Standstill, Am J if Sc 169 6%, 1925 

10 Carter, E P , and McEaclicrn, D Recurrent Complete Heart-Block 
Report of a Case .\ssociated with Transient Bundle-Branch Block and Norma! 
Conduction Between Attacks Bull Johns Hopkins Hos|) 49 337, 1931 

11 Cheer, S N, and T'ang, f K Tnmsient Complete Heart Block with 
Vdams-Stokes Atticks and Normal Auricuio-Vcntricular Conduction Between 

Attacks, China Af J 46 1081 (Nov ) 1932 

12 Gager, L 1 Intermittent Complete Heart Block, Virginia Af Afonthh 
59 300, 1932 
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the heart block was claimed to be m the cential nervous system For 
the most part, howevei, these cases were lepoited pievious to the dis- 
co\ery of the cardiac-conductive system, and no adequately thorough 
moiphologic study of the central nervous system or of the heart was 
pcifoimed Moi cover, it is questionable whethei the findings leported 
in the central neivous system had any causative lelationship to the heait 
block 

The theoiy that the nervous system, the vagus nerve in paiticulai, 
IS lesponsible foi the Adams-Stokes s 3 mdrome is i datively old It was 
first suggested in 1872 by Charcot following the classic demonstiation 
of the inhibitory effect of the vagus on the heart by the celebiated 
Webei biothers m 1850 Previous to the discoveiy of the conductive 
system, such lesions as softening of the cerebellar peduncle oi the vagus 
centcis, compiession of the medulla oblongata or the pons and intia- 
cianial vasculai vaiicosities weie held lesponsible for the s)anptoms’‘ 
With the discoveiy of the conductn^e system of the heait in the begin- 
ning of the piesent centuiy, however, piimaiy structural oi functional 
changes within the system weie held to be lesponsible foi the Adams- 
Stokes syndiome and foi complete heait block As organic lesions of 
the conductive system weie demonstiated in the majority of instances, 
and, cuntiaiiwise, as diiect clinical or expeiimental evidence foi the 
netnogenic oiigin of heait block was lacking, the theoiy of the piimaiy 
neuiogenic etiology of the Adams-Stokes syndrome with heait block 
was practically discaided 

Only a few cases of heart block in which theie was adequate evidence 
of neivous origin have been reported In the cases of Hay,^° Lutem- 
bachei,^® Gallemaeits,^’^ Stalling"'® and Kahlei,® the precipitating lole 
of the vagus neive was suggestive, nevertheless, the piimaiy lole 
obvious of 01 game lesions oi of nutiitional disturbances of the heait 
IS definite The case lepoited b) Flaum and Khma in 1932^^ is one 
of the best examples of the Adams-Stokes syndiome of nervous oiigin 
In this instance, a patient, aged 63, previously in good health, had severe 
pain in the left side of the tin oat and neck aftei swallowing On some 
occasions the pain was associated with syncope of fiom one to two 


13 Charcot, J Af Legons sur les maladies du systeme nerveuv fades a la 
Salpetnere, Pans, A Delaha^e, 1872-1873 

14 Flaum, E, and Khma, R Zur neurogenen Form des Adams-Stokesschen 
Symptomenkompleves, Wien Arch f mn Med 23 223, 1932 Kahler s 

15 Hav, T Bradycardia and Cardiac Arrliythmia Produced by Depression 
of Certain of the Functions of the Heart, Lancet 1 139, 1906 

16 Liitembadier, R Bradycardie orthostatique Iidermittence de conduction 
du faisceau de His, Arch d mal du coeur 12 145, 1919 

17 Gallemaerts, V Dissociation allrlculo-^ entriculaire provoquee par I’ortho- 
statisme (brad} cardie orthostatique), Arch d mal du cceur 16 332 1923 

lb btarling, H J Heart Block Influenced b^ the Vagus, Heart 8 31 1921 
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minutes in duration Although the lar)'ngoscopic examination gave 
negative results, it vras found that pressure on the sinus piriformis 
precipitated syncope with pain identical to that which had occurred 
spontaneously The authois concluded that the caidiac slowing was 
precipitated by the stimulation of the superior laryngeal neive through 
one of the sensory nerves of the lar3mx This belief was confirmed 
by the fact that anesthetization of the larynx abolished the attacks 
Electrocardiographic studies leiealed that the cardiac slowing was due 
to smo-auncular block Thus, in this case, stimulation of a sensitive 
afferent vagus branch resulted in bradycardia with sino-auricular block 
The similarit}'^ between this case and case 2 of our group is striking 

Gluch reported the occurrence of the Adams-Stokes syndrome 
resulting from sinus airhythmia with marked brad3cardia m a case of 
bronchiogemc sarcoma causing paral3'sis of the lecurrent lar3'ngeal 
blanch of the left vagus Irritation of the \agus nerve by the tumor 
must have occurred, and the relation of the tumor to the A-^agus nerve 
was somewhat similar to that of the diverticulum in the case studied 
by us In a pievious communication we also recorded instances in 
which transient complete heart block with the Adams-Stokes syndrome 
Avas induced thiough stimulation of the carotid sinus - In these cases 
complete heart block resulted from a reflex stimulation The affeient 
portion of this reflex reached the medullary centers through the inter- 
caiotid neiA’’e, motor impulses then being discharged fiom the Aagus 
centei to the heart One of us (Dr Weiss) gaA’^e evidence that 
cardiac sloAving induced b3’- digitalis is due in part to a AagoA'agal reflex 
rathei than to local stimulation of the Aagus endings These clinical 
and expeiimental experiences Avere the basis for the belief that “motor 
stimulation of the vagus depends, at least in the majoiity of instances 
on reflex stimulation”- The demonstration (case 1) of the fact that 
CA^en in direct mechanical stimulation of the A'agus nerAe sensoiy rather 
than motor impulses ai e set up further substantiates this belief Recent 
experimental evidence for the reflex nature of A’^agal stimulation in 
animals is not lacking Thus Adams-Stokes syndi ome caused by 
brad3xaidia is at times not onl3’- neurogenic but icflex in origin The 
nature of the biad3cardia can be simple sinus airh3thmia, smo-auncular 
block 01 complete auriculoA enti icular block 

19 Gluch, B Elektrokardiographisclic Beobachtungcn bei dem klorgagni 
Adams-Stokes’schen S\ mptom-Komplcx, Ztschr f Kreislaufforsch 24 561 (Sept 
15) 1932 

20 Weiss, Soma The Effects of the Digitalis Bodies on the NerAOiis Sistem 
An Analysis of the Alechanism of Cardiac Slowing, Nausea, and Vomiting, 
Psychosis, and Visual Disturbance Following Digitalis Therapi, kl Chn North 
America 15 963, 1932 

21 Hevmans, C Le sinus carotidien et les autres zones vasosensibles 
reflexogenes, London, H K Lew is & Co , 1929 
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The spontaneous fluctuations in the basal cardiac rate, in the auriculo- 
ventncular conduction time and in the aiteiial blood pressure in our 
case suggest that the parasympathetic tone varied from day to day, 
depending presumably on the local process within the diverticulum and 
on the general bodily state of the patient Such daily variations in the 
vagal tonus offer an explanation as to why the spontaneous attacks of 
syncope, as well as the attacks induced experimentally, developed more 
easily at one time than at another 

In ceitam cases with primai} oiganic disease within the heart, a 
superimposed inci eased vagal tonus has played a precipitating role in 
the development of the complete aunculoventncular dissociation In 
other instances, with only incomplete severance of the conductive system 
by local oiganic lesions, a combination of added insufficient coronary 
circulation and depression of the remaining functioning conductive sys- 
tem by bacterial toxins or drugs has played a precipitating role Thus 
multiple causes rather than a single cause are often responsible for 
the development of the tiansient auriculoventi iculai dissociation The 
lesults of the study of our case nevertheless indicate that the pi unary 
and dominating factor was sensoiy irritation of vagal afferent fibeis 
No evidence foi the existence of secondaiy factors was available The 
lemarkable fact that the attacks have lecurred over a period of ten years 
without change in character and with only slight inciease in tendency 
also supports this contention Thus, the appeal ance of the Adams- 
Stokes syndiome does not always, as is geneially believed, offer a bad 
prognosis It does so usually because m the vast majority of instances 
the syndrome is an indication of severe oiganic heait disease 

The Mechamsm of Syncope — The onset of syncope occurred in 
fiom fifteen to thirty seconds aftei the induction of heart block 
desciibed here Obviously the duration of the asystole and the ensuing 
ceiebial ischemia were detei mining factois In several of the attacks 
It was noted, however, that the aiteiial piessuie duimg the syncopal 
attack was lowered only slightly, while during the onset of heart block 
after the admimstiation of ephediine, when the cardiac ihythm was 
regular and no syncope developed, the degiee of fall in the arterial 
piessure was greater It appears, then, that a sudden stoppage oi slow- 
ing of the blood flow, even with maintained blood pressure, was a more 
active factoi m the piecipitation of an Adams-Stokes attack than was 
a slow, legular ihythm or fall in arterial piessure The experience of 
sudden dizziness and sensation of faintness, associated with the occur- 
lence of a single piemature beat, also supports this contention In a 
pievious study of the cerebral circulation m fainting and convulsions 
following stimulation of the carotid sinus, we brought forward evidence 
showing that in the precipitation of ceiebral symptoms, the rate of 


22 Kahler ^ Starling 
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change fioni the noimal state to an ischemic state rather than the abso- 
lute degiee of ischemia pla3'S a dominant role - Obviously, m the pies 
sure of an inelastic and scleiotic Aascular system, the same degree of 
as} stole will lesult m a gieatei degree of ceiebral ischemia Through 
excitation of vasculai reflexes, an active constiiction or dilatation ol 
the cerebial blood A^essels may also occur which can further accentuate 
01 dimmish, respectively, the degiee of ischemia It has also been 
shown that vasomotoi and ciiculatoi} changes associated with changes 
in the bodily postuie also have an important lieaimg on the rate ot 
development of cerebial ischemia - 

Often it is difficult to difleicntiate between the ischemia lesultine 
from the cardiac iiiegularity and that icsultmg fiom the simultaneous 
actnity of othei \asomotoi icflcxcs It is known, foi example, that 
the aiterial blood piessuic and the \asomotor state maj show consider- 
able i^enodic fluctuation in the difterent stages of Cheyne-Stokes breath- 
ing S3ncope occurs at the .ipneic stage even without appreciable 
slownng of the hcait In othei instances, howe\er, the apiieic stage is 
associated wnth marked slowmig of the hcait r.ite as a lesult of simul- 
taneous sinus brad3caidia oi of tempor.in partial or complete block 
due to a ihvthmicalh shifting jiacemakcr In sueh instances it is dif- 
fieult to eealuate the lelatue idles of the jinmarN ^asomotor changes 
and the caidiac isehemia That m some ol these instances the laso- 
motoi lathei th.in the c.irdio-inhibitory factor predominates is shown 
b3 the fact that the appeal ance of eail3 simptoms of Adams-Stokes 
attacks 111 such cases ma3 piccede the onset of cardiac slowing-’ It is 
the various combinations of these faclois that lesult in marked dilter- 
ences in the time of onset of sincope Thus, ^entrlcular standstill ^ar3- 
ing fiom SIX to sixt\ -seven seconds m duration has been reported to 
occui befoie the onset of coimilsiee moiements'* 

In a study of the intci action between the emotional states and the 
eaidioiasculai S3 stem, it was pointed out that clinical CMdence suggests 
that certain sensations such as anxieU and neriousncss ha\e their origin 
m the heart and partieularh m coronari disease-' Other clinical 
manifestations also indicate that certain features of the Adams-Stokes 
s3mdiome ma3' be due to sudden distui bailees of some at present unrecog- 
nized neivous connection between the heait and the central nenous 
S3 stem Thus 111 the precipitation of S3ncopc of the Adanis-Stokcs 
t3pe, in addition to the factoi of general ischemia, othei factors par- 
ticulail3 leflexcs pkn an impoitant role 


23 Weiss, Soma Unpublished obscnations 

24 Weiss, Soma llie Interaction Between Emotional States and the Cardio- 
vascular Sj^stem m Health and in Disease, Emanuel Libinan \nnnersar\ Volume 
New York, International Press 1932, \ol 3, p 1181 
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The Compaiatwe Value of Dings — compaiison of the efficacy of 
the therapeutic agents used shows that while barium chloiide was without 
cflect or was only slightly beneficial, ephednne, epinephrine and atropine 
abolished the Adams-Stokes attacks Atropine pi evented the block, 
ephednne and epinephiine abolished the irregulai peiiods of as3'^stole 
attending the onset of block but did not prevent the block The bene- 
ficial effect of ephednne in small doses is paiticulaily significant, as this 
diug can be taken orally without unpleasant secondaiy effect Oui 
obseivations suggest that ephednne, when admimsteied m doses which 
do not laise the late of sinus rhythm, increases the excitability of the 
ventncles Conti aiy to expenence in othei diseases, m the type of 
Adams-Stokes attack descnbed, ephednne can be used more advan- 
tageously than epinephune The use of ephednne in an Adams-Stokes 
attack has been advocated in lecent years,-® baiium chloride on the 
othei hand, aftei a claim for its beneficial eftect has been found 
lepeatedly mefifective We found that it was ineffective in foui cases 
of lieait block with Adams-Stokes attack-^ We did not use digitalis 
in the study, because it increases the vagal tone, and hence it was feared 
that it might increase the seventy of the spontaneous and induced 
attacks 

Oui expenences with these diugs aie not necessaiily applicable to 
the Adams-Stokes attacks in patients with permanent block In such 
instances the pievention of a low cardiac rate with lesulting deci eased 
lilood flow IS the chief therapeutic aim As the vagus control ovei the 
ventricles is to a laige extent ineffective in the presence of complete 
pennanent block, atropine usuall} is of slight oi no beneficial effect, 
and digitalis is of questionable usefulness Thus the medication of 
choice in these cases, too, is ephednne and epmephime 

25 Hollingsworth, Af Ephednn in Adams-Stokes Syndrome, California & 
West Aled 26 802, 1927 Stecher, R At A Note on Stokes-Adams Disease 
Treated with Ephednn, Am Heart J 3 567 (June) 1928 Parade, G W, and 
Volt, K Zur Adrenalin- und Ephetoninbehandlung der Adams-Stokesschen 
Krankheit, Deutsche med Wchnschr 55 179, 1929 Wood, J E , Jr Treatment of 
Adams-Stokes’ Syndrome with Especial Reference to the Use of Ephednne, 
South Af J 25 927, 1932 Roberts, L J, and Taber, T H Ephednne m the 
Treatment of Adams-Stokes Syndrome Report of Case, U S Nav Af Bull 
31 27, 1933 

26 Cohn, A E , and Levme, S A The Beneficial Effects of Barium Chlond 
on Adams-Stokes Disease Report of Three Cases, Arch Int AJed 36 1 (Tulvt 
1925 

27 Heard, J D , Alarshall, W R, and Adams, F S FTeart-Block with 

Convulsive Svncope Case Report and Pathological Findings in a Patient 
Unsuccessful!} Treated with Barium Chloride, Am Heart J 2 562, 1926-1927 
Parsonnet, A F , and Hyman, A S Barium Chlond in the Stokes-Adams 
Svndrome of Complete Heart Block Negative Results m Eight Cases Am T 
M Sc 180 356, 1930 ’ 
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SUMMARY AND CONCLUSIONS 

1 This study centers aiound obseivations on a patient who for ten 
years sutfeied from attacks of fainting precipitated usually by the swal- 
lowing of food The patient had a traction divei ticulum of the esopha- 
gus, distention of which with the aid of a lubber balloon promptly 
induced auriculoventiiculai dissociation of the heart and syncope The 
lelease of pressuie m the balloon was associated with a prompt letuin 
of normal sinus lythm and the disappeaiance of symptoms 

2 Distention of the esophagus of noimal subjects and of patients 
with syncope due to hyperactivity of the caiotid sinus failed to induce 
fainting or change in the caidiac rhythm 

3 Baiium chloride failed, not only to influence the seventy and the 
frequency of syncope, but also to pre\ent the de\elopment of heait 
block Epmephime and ephednne in small doses, which induced no 
change in the arterial piessure and onl} slight eleiation in the heart 
rate, abolished all of the svmptoms although pressure on the diverticu- 
lum continued to induce complete heait block Following the admin- 
istration of epmephime and ephednne the onset of idioventricular 
rhythm, in contrast to the control observations, vas associated Yith 
remarkably legulai rlnthm as a icsult of increased excitability of the 
\entricles Atropine m doses which produced onl} slight depression of 
the vagal motoi endings abolished the S}mptoms as well as the heart 
block Paialysis of either of the vagus sheaths in the neck w ith procaine 
hydrochloride also abolished the fainting and the block 

4 The Adams-Stokes attack in this case was induced )iy heart block 
piecipitated b} a vago\agal reflex The souice of the icflex was irrita- 
tion of the sensor} endings of the vagi by the dnei ticulum 

5 The intiacaidiac mechanism actnc at the onset and the disap- 
pearance of heart block of leflcx oiigin aie described 

6 The caidiac output and othei aspects of the hemod}namics in a 
case of complete heart block were studied w'lth the acet\lene and optical 
methods Ephednne failed to ineluce a significant change m the blood 
flow" 

7 The relative lole of oiganic cardiac lesions and of neurogenic 
factois m the piecipitation of Adams-Stokes attacks w'lth heart block 
IS discussed, and the simultaneous piesence of multiple etiologic factors 
IS stressed 

8 In addition to the thiee cases of \agovagal leflex oiigin piesented 
heie, and to those due to hypei active caiotid sinus, pieviously leported, 
there aie only tw "0 cases of the Adams-Stokes syndiome famihai to us 
in wdiich changes m the caidiac ih}thm weie primaiily of lagal oiigm 
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In this group with neurogenic Adams- Stokes attacks the precipitating 
caidiac mechanisms were sinus pauses, sino-auriculai block, partial and 
complete block and total cardiac standstill 

9 It has been demonstrated that abnoimal hypei activity of the vago- 
vagal reflex can be associated with a noimal state of othei leflexes of 
the same type 

10 In the piecipitation of Adams-Stokes attack, ceiebral ischemia 
due to decreased caidiac output is only one factor The role of othei 
factois, particularly of vasomotoi leflexes, is emphasized 

Dr Henry A Christian and Dr Samuel A Levine permitted us to include 
in this study case 2, observed in the Peter Bent Brigham Hospital, and Dr John 
Allen Oille permitted us to describe case 3 



THE HEART AND GREAT VESSELS IN COMBINED 
SYPHILITIC AND RHEUMATIC INFECTION 

JAMES R LISA, MD 

AND 

GERTRUDE JACKSON CHANDLEE, MD 

NEW \ORK 

Iwo diseases the cause of caidiac d}sfunction s}philis and iheu- 
matic feA^ei, aie seldom lepoited as associated m studies of these two 
diseases Cowan and Rennied m a stud\ of one hundied and toui 
patients suftermg fiom disease of the aortic valves, found definite 
iheumatic disease of the initial valve m 3 1 ])ei cent of those Avith 
syphilis of the heait Cotton - found among fift\ patients with aortic 
insufFciency wuth an average age of 31 yeais that 2 per cent gave a 
histoiy of syphilis Foidjce lepoitcd nine cases of childien with 
iheumatic heait disease with a seveic couise m whom asymptomatic 
congenital syphilis was discoveicd 1 he contiihution of Von Claim and 
Wilshusen ‘ included the jiathologic study of two cases of recent rheu- 
matic myocaiditis supei imposed on syphilitic aoititis In the Joseph 
Sailei Cardiac Clinic of the Philadelphia General Hospital, four cases 
of flank rheumatic heait disease with a supci imposed infection of 
syphilis w'eie found in a senes of nine hundied and twenty-three 
patients In these foui, the iheumatic infection was chmcallv quiescent 
and lemained so thiough the entiic couise of antisy phihtic theiapy 
In the fouith case, one of neuios\phihs with iheumatic mitral disease 
the spinal fluid w\as peisistenth lesistant to tieatment 

In one thousand and thiity-onc autopsies performed at the City Hos- 
pital hetw^een Jan 1 1927, and Oct 1 1931 seventy -one (exclusne of 
aneuiy^sm) w^ere on syphilitic patients with clinical heart disease Of this 
gioup, eight weie found wnth iheumatic heait disease Six heaits of 
this gioup w'ere available foi study and foim the basis for this report 

Read before the Section on General Medicine of the College of Plnsicians, 
Philadelphia, Feb 27, 1933 

From the Department of PathologA and the Electrocardiographic Laboratory 
of the Medical Services, CiU Hospital, Welfare Island, Department of Hospitals 

1 Cow'an, J , and Rennie, J K Syphilis of the Pleart Brit ^I J 2 184, 

1921 

2 Cotton, T F Observations of Aortic Disease in Soldiers, Lancet 2 470, 

1919 

3 Fordyce, A D Undetected Sj'philis in Rheumatic Infection m Children 
Brit M J 1 530, 1930 

4 Von Glahn, W C and Wilshusen, H J Saphilitic Aortitis and Acute 
Rheumatic Myocarditis Proc New' York Path Soc 24 71, 1924 
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report or CASES 

Case 1 — S P, a Negress, 16 jears old, a schoolgirl, was admitted to the CiU 
Hospital on May 27, 1927, because of sore throat, painful joints, a rash on the bod\ 
and dyspnea At the age of 11, she had chorea, at 13, pertussis She had always 
been subject to sore throat Nine months previously, she had an attack of poly- 



Fig 1 — Endarteritis of the vasa vasorum in the commissural region, a lesion 
found in five of the cases 


arthritis Some weeks later, during an examination previous to tonsillectomy, a 
cardiac lesion was discovered Early in 1927, there was cardiac decompensation, 
but recovery was prompt Shortly afterward, following exposure, she contracted 
a genital sore which did not heal 

On physical examination the patient was moderately orthopneic The pupils 
were slightly unequal, but responded to light and m accommodation There were 
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a generalized rash on the bodj^, mucous patches on the mouth, a chancre on the 
left labium, condylomas and general adenopathj'^ The precordium bulged Percus- 
sion revealed the heart to be greatly enlarged There was a thrill with a loud 
blowing to-and-fro murmur over the precordium Thrill and pistol shot sounds 
were present over the carotid, brachial and femoral arteries There was a boom- 
ing systolic murmur over the aortic area, the aortic second sound was absent 
The liver was palpable The blood pressure was 120 systolic and 30 diastolic No 
type of cardiac pain was present A Wassermann test of the blood showed a reac- 
tion of 4 plus Under treatment with bismuth, salicylates and rest she improved 
and compensation was restored She was discharged impro%ed on July 10, and 
was referred to the clinic for further treatment 

The second admission was three days, later, with decompensation With the 
exception of syphilitic lesions of the skin and mucous membranes, the condition 
was the same as previousl}' The pupils were normal The response to therapy 
was slotver, and compensation was not restored until October, when the mother 
insisted on taking her home against advice 

The third admission w’as on Jan 23, 1928 Compensation continued until 
December, when decompensation recurred She was extremely d\spneic, orthop- 
neic and had generalized edema The heart was regular, with a rate of 140 
There w'ere a presystolic thrill, shock and a harsh to-and-fro murmur at the apex 
There w’ere a pericardial friction rub, MSible pulsation of the \essels of the neck 
and a thrill o\cr the carotid arteries Ascites w’as present The blood pressure 
was 158 systolic and 35 diastolic The wdiite blood cell count was 13,000, with 82 
per cent polymorphonuclcars The urine contained large amounts of albumin and 
many casts The Wassermann reaction was negatne The temperature w'as 
from 98 to 100 F, the pulse rate from 112 to 140 and the rcspiratorj rate from 
28 to 46 

The roentgen examination showed marked enlargement of the left \entricle, 
enlargement of the right aentncle, marked enlargement of the left auricle (show'- 
ing as a double shadow’ on the right side) ® and enlargement of the auricle The 
aorta was not dilated 

The electrocardiogram showed normal sinus rlnthm. simple taclncardia, pro- 
longed auriculoventncular conduction lime and no axis de\iation There w'as 
slurring of the \entricular complexes 

Death occurred three days after the third admission 

The clinical diagnosis W’as rheumatic pancarditis , mitral stenosis and insuf- 
ficienc}’-, and aortic stenosis and msufficiencj The anatomic diagnosis W’as rheu- 
matic pancarditis, acute interstitial m)ocarditis recent pulmonarj infarction, 
general chronic passive congestion, anasarca, and siphilis of the aorta 

The case was predomimnth one of rheumatic fe\er with a tjpical history, 
physical findings and clinical course, w’lth first decompensation preceding siphilitic 
infection, poorly sustained compensation despite therapi and death from congestne 
failure, complicated by superimposed acute nnocardial infection of undetermined 
etiology 

Case 2 — S F, a Puerto Rican woman, aged 26, was admitted to a hospital on 
Jan 25, 1928, because of d 3 spnca, prccordial pain and edema of the ankles She 
had ahvays been subject to sore tliroat She had ne%er been pregnant She w'as 
well until one jear previouslj, w'hen she had an attack of acute polvarthritis w’hich 
confined her to bed for six months In October 1927 she first suffered precordial 

5 Nichols, C F, and Ostrum, H W Unusual Dilatation of the Left 
Auricle, Am Heart J 8 205, 1932 
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pam and swelling of the feet She was in a hospital for five weeks and was dis- 
charged improved Early m January 1929 the same symptoms recurred, and she 
entered a hospital Physical examination showed a marked precordial heaving 
impulse, the apex beat in the sixth interspace in the midaxillary line and the right 
border 3 cm to the right of the midsternal line There was a short presystolic 
crescendo murmur and a loud systolic murmur at the apex The pulmonic second 
sound was greater than the aortic second sound The liver was enlarged, extend- 
ing three fingerbreadths below the costal margin, and was tender The Wasser- 
mann reaction was 4 plus 



Fig 2 (case 2) —Posterior view of the heart The tricuspid valve (B) and 
the mitral valve (C) have stenotic rheumatic lesions The superior cava (A) is 
thrombosed, the thrombus extending down into the auricle The probe indicates 
the mouth of the vessel 


On entering the City Hospital, there was a slight presystolic thrill at the apex 
and diastolic shock There was a systolic murmur at the aortic area There 
were frequent extrasystoles The blood pressure was 130 systolic and 70 diastolic 
The liver was just palpable The Wassermann reaction was 4 plus 

On February 6, she complained of chills, fever, sore throat and pains in the 
neck and chest The temperature was 102 F, the pulse rate 120 and the respiratory 
rate 32 The throat was red and injected, and the glands on both sides of the 
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neck were painful The observations on the heart were unchanged The liver 
was larger and tender The white blood cell count was 15,000, with 85 per cent 
polymorphonuclears By February 10 she had unproved, and the temperature had 
returned to normal It was not until some days later that the size of the liver 
decreased and the tenderness disappeared Ten cubic centimeters of tincture of 
digitalis was administered from January 26 to Januar\ 31 



Fig 3 — Intrinsic arteries with marked sclerosis In case 3 the lesion was 
diffuse, 111 case 5, focal 


In the latter part of Februan and carh !March she had seieral attacks of 
precordial pain, dispnea and lomiting These attacks were usuallv accompanied 
by a rise m temperature from 100 to 101 8 F Once the temperature fell to 
96 4 F These episodes lasted for two to three dai s About the middle of klarch 
she had a severe pain in the right leg which persisted for three days A few days 
later she had a severe pain in the left side of the chest follow ed bv a slight cough 
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The first heart sound was muffled, followed b}’- a soft blowing systolic murmur At 
the aortic area there was a soft blowing to-and-fro murmur The pulmonic second 
sound was much accentuated A pericardial friction rub was present to the left 
of the sternum The liver became enlarged and tender again, and the ankles 
edematous Rales developed at the bases of the lungs Venous congestion of the 
neck was absent Twenty-four cubic centimeters of tincture of digitalis was 
guen between February 1 and March 26, inclusive Until April the precordial 
pain recurred frequently, but varied greatly m intensity The temperature varied 
from 98 6 to 102 6 F By April 5 the clinical improvement was marked, the 
pliysical signs remained practically unchanged Later m the month, a rise m 
temperature occurred which lasted for three days, the calves were tender to 
slight pressure but revealed no abnormalities The patient was given 74 cc of 
tincture of digitalis between April 10 and May 8 Attacks of paroxysmal auricular 
fibrillation developed with a ventricular rate of 80 Following the appearance of 
fibrillation, the administration of digitalis was discontinued, and the heart returned 
to its normal sinus rhythm, with a rate of 107 These attacks of paroxysmal auri- 
cular fibrillation recurred for a period of hours to a few days Dyspnea was 
extreme, but was not accompanied b}'^ cyanosis The systolic blood pressure 
remained at 120 mm of mercury, the diastolic pressure was difficult to obtain 
The temperature rose to 102 and 103 F , returning to normal between the attacks of 
pain and dyspnea The liver increased rapidly in size and pulsated At one time 
pain was elicited over the spleen Following one attack of severe pain m the left 
shoulder and axilla, a massive swelling of the arm rapidly appeared, extending up 
into the neck and later into the right arm A cordlike mass was palpable on the 
left side extending up into the neck General edema developed with cyanosis 
The harsh character of the cardiac murmurs appeared from time to time Death 
occurred in congestive failure on July 22 

Roentgen examination showed marked enlargement of the left auricle (appear- 
ing as a double shadow on the right border of the heart), left ventricular enlarge- 
ment and right ventricular enlargement The right auricle was moderately 
enlarged The main branches of the pulmonary vessels were widened The base 
of the aorta was not widened, although later it was definitely widened, showing the 
shadow of the superior vena cava to the right of the aorta 

Electrocardiographic study showed normal sinus rhythm, with one tracing of 
paroxysmal auricular fibrillation following poisoning with digitalis , normal sinus 
rhythm in a later tracing after digitalis was discontinued , diphasic T waves m 
leads 1 and 2 with a constantly inverted T wave in lead 3, and slurring of the 
ventricular complexes 

The clinical diagnosis was chronic rheumatic endocarditis , mitral stenosis, and 
thrombosis of the subclavian veins The anatomic diagnosis was chronic rheu- 
matic endocarditis, thromboses of the superior vena cava and tributaries , mural 
thromboses of the tributaries of the superior mesenteric vein and of the portal 
■vein, fhrombosis of the splenic vein, old and recent pulmonary thromboses, gen- 
eral passive congestion, and syphilis of the aorta 

This case was one of rheumatic infection with a severe course and widely scat- 
tered venous thromboses The syphilitic element was asymptomatic 

Case 3 — F B, a Negro, 34 years old, was admitted to the City Hospital on 
iMai 16, 1928, because of dyspnea, pains in the joints and edema of the legs At 
the age of 23, he had a chancre, one year later, an attack of acute polyarthritis, 
and one vear later, acute gonorrhea 
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On physical examination he appeared acutely ill, and was moderately dyspneic 
The pupils were normal, the pharynx was injected and the cervical glands palpable 
Percussion revealed enlargement of the heart A short presystohc, a systolic and 
a diastolic murmur were present at the apex The pulmonic second sound was 
louder than the aortic second sound The blood pressure was 120 systolic and 
from 50 to 0 diastolic The liver was tender and was enlarged two fingerbreadths 



Fig 4 — In the perivascular connectuc tissue is a group of 'Vschoff cells, indi- 
cated bj' the arrow 


below the costal margin The spleen was palpable and tender The Wasscrniann 
reaction was 4 plus The urine was normal The temperature \aried from 97 to 
100 F The patient was discharged on July 9, much impro\cd 

The second period of hospitalization was from '\ugust 6 to Feb 14 1929 For 
two weeks after leaving the hospital he remained well Then there occurred a 
sudden onset of substernal pain and shortness of breath The pupils were normal 
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The fundi revealed sclerotic ^essels At the apex was a loud systolic, a long 
diastolic and a suggestive presystolic murmur The pulmonic second sound was 
much accentuated and louder than the aortic second sound There was a long 
diastolic murmur at the aortic area The aortic second sound was present, but 
faint The blood pressure was 110 systolic and 80 diastolic The W assermann 
reaction was 4 plus The urine was normal The temperature was normal The 



patient was fairly comfortable and compensation was good until the latter part of 
Noa ember From that time until he left the hospital he had many attacks of 
paroxysmal dyspnea accompanied by a sensation of choking, usually with pain and 
usually nocturnal, sometimes diurnal At first the attacks were not frequent, but 
at times several would occur in a twenty-four hour period A distinct diastolic and a 
loud blowing systolic murmur were heard at the aortic area on some occasions 
Once he had acute pharyngitis and adenitis, and a pericardial friction was detected 
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From November onward the temperature varied from 98 to 100 F The pulse rate 
varied from 110 to 120, being higher proportionately than the temperature On 
discharge he was quite comfortable 

The third admission was on May 7, 1929 In April, the attacks of palpitation 
and dyspnea recurred, and he became verj short of breath He was distinctly 
orthopneic Percussion revealed the heart larger than on the previous admissions 
A thrill was present over the entire precordium There were a loud systolic and a 
presystohc murmur at the apex The aortic region was normal The pulmonic 
second sound was greater than the aortic second sound The blood pressure was 
98 systolic and 62 diastolic The Wasscrmann reaction was 4 plus The urine had 
a specific gravity of 1 014 and a few casts The Iner \\as large and tender The 
temperature until death, on May 16, was slightly irregular The outstanding symp- 
tom w'as frequent attacks of paroxysmal dyspnea, some attacks accompanied by 
precordial pain Death occurred suddenh 

The roentgen examination re\ealed enlargement of all the chambers of the 
heart The base of the aorta on Mav 18, 1928, was not wndened Widening of 
the aorta w'as seen on August 18 The pulmonan fields show'cd evidence of 
chronic pulmoinry stasis W’lth secondary' fibrosis The main branches of the 
pulmonary -vessels w'cre widened 

Electrocardiographic stud\ showed normal sinus rh\thm, auriculoventricular 
conduction time top iiornnl (0 2 seconds), a diphasic T wave in lead 2 in one 
tracing, and no definite evidence of coronarv disease in the T wave deflections 
The ventricular complexes showed slight slurring No axis deviation to right or 
left was present, but a large S wave was present in both tracings taken 

The clinical diagnosis was rheumatic pancarditis mitral stenosis and insuffi- 
ciency , pulmonary tuberculosis and svphilis J he anatomic diagnosis was 
chronic rheumatic endocarditis, diffuse sclerosis of the intrinsic coronary arteries, 
and svphilis of the aorta 

This case was one of latent rheumatic infection which became evident after a 
syphilitic infection, progressing slowlv, with the development of disease of the 
small vessels of the coronarv system, which dominated the clinical course during 
the last few months 

Casf 4 — J !M , a man 37 years old, was admitted to the Citv Hospital on 
Jan 3, 1928, because of abdomiinl swelling and shortness of breath A historv' oi 
syphilis and rheumatic fever was denied He was well until one vear previouslv 
when he had lobar pneumonia Since then he had had a chronic cough, at times 
with a blood-streaked sputum, and later graduallv increasing dvspnea and swelling 
of the abdomen He was hospitalized in December 1927 Examination at that time 
showed marked orthopnea md dvspnea, arcus senilis and pupils fixed to light and 
m accommodation There was dulncss at the bases of both lungs, with enlarge- 
ment of the heart, the apex being m the sixth interspace m the anterior axillarv 
line The heart sounds were diminished m intensity The blood pressure was 130 
svstolic and 90 diastolic The Wassermann reaction was negative There were 
18,000 white blood cells with 77 per cent polvinorphoiuiclears On fluoroscopv the 
aortic area w'as seen to be widened 

For three weeks before admission he had graduallv increasing dvspnea He 
was moderately comfortable There were signs of moderate decompensation and 
ascites The blood pressure was 105 svstolic and 75 diastolic The Wassermann 
reaction was 4 plus The heart sounds were weak, and the heart rate 120 The 
second sound was replaced Iw a loud inunnur filling the entire diastole The liver 
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^\as enlarged to the umbilicus and was tender, a fluid wave was present The 
fingers were clubbed The eyegrounds showed marked sclerosis The urine, at 
first normal, later showed large amounts of albumin, casts and white blood cells 
T he patient remained moderately comfortable until January 25, when his tempera- 
ture rose to 103 F with signs of lobar pneumonia He died three dais later, on 
Jainiarv 27 



Fig 6 (case 6) — Left branch of the conduction system, showing the marked 
edema of the fibers At the edge of the section is a small portion of the cardiac 
muscle 


Roentgen examination showed moderate enlargement of the chambers of the heart, 
witli slight sclerosis of the aorta, engorgement of the pulmonarj’' vessels and evi- 
dences of chronic pulmonary infection 

Electrocardiographic studv show’ed normal sinus rhythm, tach}cardia, a low 
voltage T wave and slurring of the ventricular complexes The clinical diagnosis 
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was rheumatic heart disease, chronic endocarditis, mitral stenosis and insuffi- 
ciency, syphilitic aortitis, and acute lobar pneumonia The anatomic diagnosis 
was chronic rheumatic pancarditis , sj'phihs of the aorta , chronic passive conges- 
tion, healed tuberculosis, and acute lobar pneumonia 

This was a case of a mildly decompensated rheumatic heart with syphilis of 
the aorta, m which an mtercurrent infection developed which caused death 

Case 5 — L G , a white man, aged 44, was admitted to the City Hospital on 
April 25, 1929 At the age of 33 he contracted svphilis At 34 he had an attack 



Fig 7 (case 5) — Arterial lesion in the kidne\ Ihe photomicrograph shows 
the splitting of the internal elastica of an interlobular arter\ 

of pol 3 'arthritis He remained nell until Dtccinher 1928, ibout nine lears later 
He entered the hospital because of djspnca and prccordial pain on exertion The 
Wassermann reaction was 4 plus He remained m the hospital about two weeks 
and then resumed his work as a laborer For almost three months he remained 
well, but late m March, pains m the left side of the chest recurred, with swelling 
of the abdomen and legs 

On readmission to the City Hospital the phvsical signs were ascites, edema 
of the legs, venous pulsations of the ^essels of the neck, dulncss at the base of 
the right lung and rales There was a blowing s\stohc murmur at the apex and a 
totally irregular pulse The liver was four fingerbreadths below the costal 
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margin The Wassermann reaction was 4 plus There was again congestne 
failure A loud blowing systolic murmur was heard over the entire precordium 
The apev beat was diffuse m the sixth interspace in the anterior axillary line 
There was no thrill or diastolic murmur The aortic second sound was moderately 
accentuated, roughened and snapping The pulse rate was 60 and totally irregular, 
and the blood pressure was 115 systolic and 75 diastolic The liv^er was one 
fingerbreadth below tbe costal margin The fingers were clubbed and cyanosed 
The Wassermann reaction was 4 plus The pupils were normal For a few days, 
the temperature was irregular, ranging from 100 to 101 F , and then dropped to 
978 F 

Late in May he had a few attacks of paroxysmal dyspnea He was given 
34 cc of tincture of digitalis between May 31 and June 11 Complete heart block 
developed By June 20, after the discontinuance of digitalis, the heart returned to 
Its usual rhythm of auricular fibrillation The blood pressure had risen to 135 
systolic and 65 diastolic There was a double murmur at the apex The patient 
remained fairly comfortable until February, but climbing stairs always caused 
moderate dyspnea The blood pressure gradually rose to 146 systolic and 65 
diastolic During February he had several attacks of precordial pain and dyspnea 
Frequently the pain was cramplike Occasionally, similar pain was present in the 
legs and abdomen The liver was enlarged, and became tender At times dyspnea 
was severe, and he would sit on the side of the bed for relief Many of the 
attacks were nocturnal The heart rate remained slow but pulse deficit appeared 
During March, cyanosis became marked, and the attacks of dyspnea were 
extremely frequent both day and night The blood pressure dropped to 130 systolic 
and 90 diastolic Congestive failure increased, and he died on March 5 

The roentgen examination showed marked left ventricular enlargement, enlarge- 
ment of the right ventricle, definite widening of the main branches of the pulmonary 
vessels and enlargement of the right and left auricles The base of the aorta was 
not widened 

The electrocardiographic study demonstrated the change from auricular fibrilla- 
tion to complete heart block with auricular fibrillation and return to chronic 
auricular fibrillation, with a slow ventricular rate of 60 The T wave was diphasic 
in leads 1 and 2, and the T wave in lead 3 became permanently inverted The 
Q R S complex was slurred 

The clinical diagnosis was rheumatic heart disease with mitral stenosis and 
insufficiencv, and syphilitic heart disease The anatomic diagnosis was healed 
rheumatic endocarditis , active rheumatic myocarditis , syphilitic aortitis , general 
passive congestion , acute pulmonarj'- infarction, and nephrosclerosis 

This case was one of healed rheumatic lesion of the mitral valve, active rheu- 
matic myocarditis and active syphilitic aortitis not involving the valve It was 
an instance of rheumatic carditis with constitutional syphilis 

Casf 6 — C B, a Negro, 26 years old, vv'as admitted to the City Hospital on 
Aug 26, 1930, complaining of abdominal distention and pain He had always 
been subject to sore throat, a history of syphilis and rheumatic fever was denied 
For two years he had episodes of cough, palpitation, weakness and precordial pain, 
increasing m frequency and severitj’-, followed by dyspnea and swelling of the 
abdomen 

Phvsical examination revealed the patient to be dyspneic and acutely ill The 
pupils were normal The entire precordium had a wavy impulse There were double 
murmurs at the mitral and aortic areas A diastolic apical thrill was present 
The blood pressure was 130 systolic and 45 diastolic The liver was three finger- 
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breadths below the costal margin The urine had a specific gravity of 1 020 and 
showed no albumin or casts He had many attacks of severe pain in the chest, 
sometimes accompanied by bloody expectoration The pain was sometimes pre- 



Fig 8 — A (case 1), mitral and aortic insufficiencv , B (case 2), appearance of 
the left auricle as a double shadow on the right side, C (case 2), shadow of the 
\ena cava to the right of the aorta, D (case 3), marked pulmonarv fibrosis, E 
(case 5), normal aortic and tricuspid -valves, with accentuation of the ascending 
aortic curve, E (case 6), widening of the base of the aorta 
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cordial onlj, and occasionallj elicited by pressure o\er the precordium, 

usiialh tlic pain A\as spontaneous Urinary observations varied from no albumin 
to a bcav} trace and from no casts to manj, with abundant red cells The patient’s 
mental attitude was one of apprehension, and he w^as frequently extremely 
depressed On October 1, be had an attack of se^ere precordial pain, became very 
weak and had a bloodj expectoration He apparentlj improved for a short time, 
and then died suddenly the same daj The temperature consistently ranged from 
98 to 100 F Ihc pulse rate was ahvays rapid, and consistently remained above 
the temperature level 

Roentgen examination revealed great enlargement of the left ventricle, w'lth 
some widening of the base of the aorta The other chambers of the heart were 



Fig 9— Electrocardiogram, showing lA, neither left nor right axis deviation, 
mitral insufficiencv, aortic stenosis and insufficiency, m an inspiratory type of 
Iieart, 25, C, D, E, auricular fibrillation followung treatment wuth digitalis with 
a constantiv inverted T wave in lead 3, 3F, slight Q wave m lead 3 and a diphasic 

ware m lead 3, 3G, no Q ware m lead 3, but an upright T w'are, 4H, a low^ 
\oltage T wave 


enlarged The definite widening of the base of the aorta and the type of heart 
showing aortic insufficiency, with the clinical findings, seemed evidence of the 
imolvement of syphilis of the aortic ralvc 


Tlie electrocardiographic study showed normal sinus rhythm, with a ton 

"rro (02 second), slurring and notching 

of le QRS complexes, and the derelopment of an inverted T w-ave m leads 




966 


ARCHIVES OF INIhRNAL MbDICIA'E 


The clinical diagnosis \\as syphilitic aortitis, with aortic insufficiency, rheu- 
matic heart disease, mitral stenosis and insufficiency, and coronary disease The 
anatomic diagnosis was chronic rheumatic endocarditis, chronic mural endocar- 
ditis , acute interstitial myocarditis , syphilitic aortitis involving the aortic valve , 
recent pulmonary infarctions, acute lobar pneumonia, and acute fibrinous 
peritonitis 

This case was one of rheumatic heart disease in which the rheumatic lesions 
were predominantly inflammatory, and the S3phihtic nnohement of the aortic 
^ahe profound Superimposed was an acute generahred infection 



Fig 10 — Electrocardiograms, sliow’ing auricular fibrillation, 5/o, usual 
leads, 5K, direct chest leads with complete aunciiloi cntncular dissociation, bundle 
branch block follow'ing digitalis and one returning c\cle of usual rlnthm, 5L, 
return to the usual rlnthm with the Q waie not present in 6M, diphasic 
T w'ave in leads 2 and 3, diV, iinertcd T in leads 2 and 3 and marked notch- 
ing m lead 2 of the Q R S complex 

PATHOLOGIC \N\TOM’l 

The ciitena used foi the diagnosis of rheumatic heait disease weie 
valvulai involvement by a productive and inflammatoiy lesion tending 
to aftect the initial, aoitic, tricuspid and pulmonic valves, and in that 
sequence, active pei icaiditis, and the presence of Aschoft bodies Foi 
the diagnosis of s}phihs the criteiia used 3veie widening of the com- 
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missures, endartentis of the vasa vasorum, narrowing of the mouths 
of the coronary arlenes, and a pigskm-like appeal aiice of the intima of 
the aorta Great stress was placed on the gross and micioscopic appeal - 
ance of the commissures The sepaiation of the attachments of the 
cusps, the thickening of the leaflets, the pearly appearance of the intima 
and the endarteritis of the vasa vasorum with peiivascular infiltration 
by lymphatic and plasma cells were considered characteristic of syphilis 
These lesions have also been stiessed by Saphii and Scott® and by 
Maitland" In control series of (1) rheumatic hearts and (2) hearts 
of syphilitic patients this commissural lesion w^as not found m the first 
group and almost invariably in the second Spirochetes weie not found 
in any case by the Jahnel and Warthm-Stairy methods The pathologic 
piocesses are summarized in table 1 

liypei trophy w^as a featuie common to all cases of the present group 
The greatest weight occuiied m the youngest patient (case 1), who had 
pancarditis In the other extremely large heart (case 5), the absence 
of either active adhesive pericarditis oi a valvular aortic lesion sug- 
gested the possibility of pieexisting hypertension, histologic study of 
the kidney levealed benign nephrosclerosis 

The lesions due to rheumatic infection weie marked in all six cases 
Theie was adhesive peiicaiditis in two cases Valvulitis was present 
in all The mitral valve w^as involved m the entire series, the aorta m 
four cases, the tricuspid valve in four and the pulmonic valve m three 
Myocardial Aschoff bodies weie present in all but one case Definite 
lesions of syphilis were limited to the aortic commissures m five 
instances, it was the piedominant lesion m only one case In two cases 
there was an intensely acute interstitial myocarditis, suggesting a terminal 
infection 

Stenosis of the mouths of the coronary arteries, so common m syph- 
ilis, was present in only half of the cases , these cases also showed the 
most marked widening of the commissures Marked atherosclerosis of 
the mam coronary arteries was present m three cases, m one instance 
with an achve penvasculai reaction The patient in this case had 
clinical and classic attacks of paroxysmal dyspnea Focal sclerosis was 
found in the patient with the renal changes of benign nephrosclerosis 
This patient also had attacks of parox 3 smal dyspnea and cardiac pain 


CLINICAL FEATURES 

Race, Sex and Age — Five of the patients were colored, three were 
men and tw^o women The only white patient was a man The ages 

6 Saphir, C, and Scott, R W Involvement of the Aortic Valve in 
Svphihtic Aortitis, Am J Path 3 527, 1927 

7 Martland, H S Svphihs of Aorta and Heart, Am Heart J 6 1, 1930 
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varied from the second to the fifth decades, 16, 26, 25, 34, 27 and 44 
years 

Oidc} of Appemance of Infections — Rheumatic fevei definitely pie- 
ceded the syphilis in one case, and probably preceded it in another 
The chanci e appeared one year previous to the first attack of rheumatic 
fever m two instances A history of rheumatic fever or of syphilis 
could not be elicited in two cases The onset of a first attack of rheu- 
matic fever relatively late in life following syphilitic infection was an 
interesting feature Two hypotheses may be advanced to explain this 
phenomenon 1 The syphilitic lesion rendeied easier the secondary 
invasion by the iheumatic agent Warthm ® believed that latent syphilis 
111 a young person piedisposes him to secondaiy bacterial endocarditis 
Coombs ° likewise was of the opinion that the syphilitic valve is disposed 
to secondary invasion Secondaiy invasion of tlie syphilitic valve 
resulting m the productive and inflammatory changes characteristic of 
iheumatic infection is, in oui expeiience, uncommon As suggested 
by Giiggs,^® the syphilitic process, by the very nature of endarteritis, 
automatically closes by the normal comse of its evolution the poitals 
of entry to secondaiy invaders 2 The syphilitic process may cause an 
exacerbation of sufficient intensity of a low grade asymptomatic rheu- 
matic disease to lesult in its passage ovei the threshold of clinical 
manifestation The view generally held that the primary infection of 
rheumatic disease is acquired in the early years of life lends support 
to the second hypothesis 

In the foul cases with sufficient data, the inteival of time between 
the second infection, as based on the appeal ance of clinical symptoms, 
whethei of syphilis or iheumatic fever, and the onset of the first 
appearance of caidiac decompensation was usually short, from three 
months to two yeai s In one case, mild decompensation occurred shortly 
before the syphilitic infection, to be followed in six months by a severe 
break This is in contrast to the usual clinical course of uncomplicated 
rheumatic heait disease, and paiallels the two cases mentioned Only 
once was there a long interval, nine years The patient acquired syphilis 
at the age of 33, a much later age than the others , rheumatic fever 
occurred at 34 The cardiac break, although delayed, occurred at a 
shorter interval than is usual in uncomplicated syphilis 

Cow sc The clinical course of the disease was rapidly progressive 
after the fir st break in compensation, regardless of therapy With one 

1929^ ^ ^ Lesions of Latent Syphilis, Bnt M J 2 236 (Aug 10) 


9 Coombs, CF Sjphilis of Heart and Great Vessels, Lancet 2 236, 1930 
Dotoc, M Sc “ Sc,„el to Syphte Valve 
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exception it terminated within two years, and usually within one One 
patient lived for ten months, two for one yeai, one for one and a half 
years and one foi two 3 ^eais In only one instance was there a long 
duration, seven years The patient had frequent, easily precipitated car- 
diac breaks, and nevei attained well established compensation The seri- 
ous clinical course corresponds closely to the obseivations of Fordyce In 
his series, the patients weie reacting poorly to the rheumatic disease, 
and impioved only when antisyphihtic theiap}^ was instituted In the 
present series, antisyphihtic therapy was much less efficacious, whether 
used intensively or conservatively The explanation of the difference 
in the results possibly depends on the manifestations of syphilis m the 
congenital form, aortic involvement is lare, in the acquired form, very 
common Two factors, both tending to attack the cardiovascular system, 
are active m the present series As pointed out by Pearse,^^ in experi- 
mental vaccinia and syphilis in the rabbit, the presence of concomitant 
active infections in the same animal may intensify the manifestations 
of each The expectancy of life in our series of combined syphilis and 
iheumatic infection of the heart and great vessels resembled tliat of 
syphilitic persons of older years, with aortic insufficiency and congestive 
failure 

The dll ect cause of death v as usually congestive failure Two patients 
died suddenly, one, with a legurgitant lesion, had an extremely active 
inflammatory lesion and teiminal suppurative myocarditis of undeter- 
mined etiology and the other died of diffuse sclerosis of the intrinsic 
coionary aiteries Intercurrent pneumonia teiminated another case of 
mild decompensation Table 2 gives in brief the essential features of the 
time element 

Pam — Pain is one of the earliest symptoms of cardiac dysfunction, 
and may be difficult to interpret It may vary from simple fatigue 
bordering on the threshold of pain to the anginal syndrome with the 
classic ladiation Certain lather definite clinical pictuies are present 
with the various types of pain In the anginal syndrome the pain 
may vary from a sense of constriction only, as described by Wlnte,^" 
to the agonizing pain with the segmental distribution of Head^® and 
Mackenzie’^'* For pin poses of description this may be called the small 
vessel type of pain, and may be dependent on disease of the coronary 

11 Pearse, L Reciprocal Effects of Concomitant Infections, J E\per Med 
47 611, 1928 

12 White, P D Medical Treatment of Angina Pectoris, Ann Int Med 7 
218 (Aug) 1933 

13 Head, H Studies in Neurology, New York, Oxford Unnersity Press, 
1920 

14 Mackenzie, J Angina Pectoris, New York, Oxford University Press, 1923 
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aitcnes, paiticularly of the smaller radicles of the coronary circulation, 
the intrinsic in>ocardial vessels Another type of anginal pain is limited 
to the prccoidium, and has possibly the same basic pathologic process 
The aortic t}pe of pain may be desciibed as the large vessel t3^pe of 
pain, and is possibly due to inci eased intra\ asciilai tension associated 
until inflammatory disease of the wall of the vessels It is frequently 
substernal and locahred In syphilitic aortitis the pain tends to be 
boring, substernal and localized At times it is nocturnal, when it is 
possibly due to ciiculatoiy changes of the cardioiespiiatoiy phenomena 
during sleep, which aie of chemical and mechanical oiigin Intravas- 
culai changes of piessuie are probably basic factors In aneurysms, 


Tablf 2 — The Tunc Element m Syphthiic and Rheumatic Infection 



Relationship of 
Syphilis and 
Rhcunintfe 

Tree Period 
Between 
Second Infee 
tion and Pirst 

Age at 
Onset of 
Congestive 
Failure, 

Duration 

Cause of 

Gnpc 

lever 

Cardiac Break 

Years 

of Course 

Death 

1 

Rheumatic 
fever plus 
syphilis 

Preceded 
syphilis, 
second break 
In 6 months 

15 

1% J rs 

Congestive 

failure 

2 

Rheumatic 
fev or (?) plus 
sjphills 

3 months 

25 

10 mos 

Congestive 

failure 

1 

Sjphllls plus 
rheumatic 
fev cr 

2 jenrs 

27 

7 jrs 

Congestive 
failure with 
sudden death 

4 

7 

7 

36 

1 jr 

Lobar 

pneumonia 

5 

Sj phills plus 
rheumatic fever 

9 years 

43 

1 yr 

Congestive 

failure 

0 

7 

7 

24 

2 vre 

Congestive 
failure with 
sudden death 


theie IS an added factoi of piessuie on suriounding stiuctuies Occa- 
sionally, aneurysm is associated with axillary pain, probably due to 
extension of the syphilitic process to the aortic branches Clinical 
observation of a patient of McCarthy m arteriovenous anastomosis 
for the relief of aoitic aneurysm demonstrated a shift of the pain from 
right to left, the opposite side, owing to the change of intia-aortic 
piessuie subsequent to the operative procedure In aortic arterio- 
sclerosis the pain is much milder than in syphilis, but has the same 
distiibution 

The t} pe of pain accompanying iheumatic infection is of a different 
It IS recuiient, probing and usually limited to the pre- 


15 McCartln, P 
Innominate Arterj 
1910 


A Treatment of Aneurj^sms 6f the Thoracic Aorta and 
by Distal Arterio-Venous Anastomosis, Ann Surg 91 161, 
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cordium, and does not tend to radiate Frequently it is limited to the 
region of the apex It is intensified by piessuie over the region 
During periods of exaceibation of the iheumatic infection it is more 
prominent Rlieumatic hearts with advanced mitral disease sometimes 
have the true anginal syndrome, possibly due to combined coronar} 
disease, inflammation of the large I’-essels and pressure phenomena, as 
of a large left auricle ° Sweeny’s patient with mitral stenosis was 
relieved only by moiphme and cervical sympathectomy Raiely, the 
patient experiences pain over the pulmonai}'^ artery, this region is not 
tender to pressure, but the pulmonic area on fluoroscopic examination 
appears dilated Possibly the clinical observation lests on the presence 
of an inflammatory lesion of the region, with increased intravasculai 
tension Arthritic pains, pain in the vessels due to thromboses, pain in 
the lungs and splenic pain resulting from thiomboses of the organs 
accompany iheumatic infection in heait disease The pain accom- 
panying rheumatic heait disease maj be compared to that elicited over 
any aiea of inflammation, and may be described as an infectious type 
of pain 

In the present senes, pain was present in five cases In thiee it 
was a prominent feature In only one case was theie pain in the joints 
It was of the infectious type m two other cases, both with extremely 
active lesions, one with multiple thiomboses It ^\as of the precordial 
anginal type in another case, which developed during the course of the 
illness and dominated the pictuie dm mg the last few months This 
patient also had attacks of paroxysmal dyspnea Histologic study latei 
revealed geneiahzed sclerosis of the intimsic coionary aiteries Another 
patient had cardiac pain with attacks of djspnea in which the pain dis- 
appeared with progiessive congestive failure 

The only patient with aoitic reguigitation predominant!} syphilitic 
had the aortic type of pain in the chest accompanied by bloody expecto- 
ration Fie did not have axillary pain, which sometimes accompanies 
disease of the aorta and its branches, he had the coronary type of pain 
and also abdominal pain 

Dyspnea — Dyspnea in caidiac disease is usually of the congestive 
failure type , at times it is paroxysmal Paroxysmal d} spnea assoaated 
with edema of the lungs, with oi without caidiac pain, is to be difi:eren- 
tiated from dj'^spnea of cerebral oiigm with the Biot type of respiration 
Mackenzie believed that the paroxysmal tj^pe associated with heart 
disease was due to a lessened caidiac output Pratt said that this 

16 Sweeny, John A Personal communication to the authors 

17 Mackenzie, J Cardiac Asthma, Bnt M J 2 1231, 1911 

18 Pratt, J H Cardiac Asthma, J A M A 87 809 (Sept 11) 1926 
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t)pe of dyspnea is never accompanied by failure on the right side, but 
originates in the left ventricle It is usually not associated with valvu- 
litis, but shows a tendency to develop anginal pain Weiss believes 
that one important factor is increased blood load in the lungs due to 
change in the position of the body and the presence of disease of the 
lungs 

In the present senes, five patients had the progressive type of con- 
gestive failure, one of them had paroxysmal dyspnea for a time In the 
remaining case the congestive type of dyspnea was piesent at the onset 
of symptoms, but was later replaced by a paroxysmal type which domi- 
nated the clinical course during the last year Histologic study revealed 
diffuse sclerosis of the intrinsic coronal y vessels We believe that dis- 
ease of the smaller radicles of the intiinsic coronary system in the final 
distribution to the muscle fibers results in a lessened margin of physio- 
logic function, and could be one of the basic factois in the pathologic 
physiology of the paroxysmal type of breathing 

Heait Sounds — Changes in the noimal heait sounds are due to asso- 
ciated pathologic piocesses The tendency in iheumatic valvulitis, as 
seen at autopsy, is toward healing with fibrosis and calcification leading 
to definite rigidity of the structuie and a stenotic lesion It is only in the 
lapidly progressive lesion m which the inflammatory element predomi- 
nates over the tendency to heal that the lesion is essentially regurgitant 
This applies to all the valves involved On the other hand, in syphilis 
limited to the aortic system, there is definite retraction of the valve 
cusps, with shortening of the leaflets, smooth thickening and rolling 
back of the edges of the valve and a widening of the ring, due to com- 
missural disease, a lesion lesultmg primal ily in insufficiency The valves 
are usually much softer and more leathery than the lesion resulting from 
rheumatic disease, and calcification, when present, is a much finei deposit 
and IS well masked by the fibrosis 

The differential diagnosis of an aoitic lesion rests largely between 
the role of rheumatic fever and that of syphilis Sclerosis, with its 
varied etiology, must also be considered Because of the piedominance 
of stenosis in rheumatic aoitic disease, the heart sounds are rougher 
and higher pitched, and there is a sharper differentiation between the 
systolic and the diastolic phase of the muimur There is often a faint 
first sound that is muscular in quality, almost masked by the systolic 
murmur, an almost imperceptible midsystolic-diastohc pause and the 
diastolic murmur In syphilis, on the other hand, the rolled back, 

19 Weiss, Soma, and Robb, G P Cardiac Asthma (Paroxysmal Dyspnea) 

and the Syndrome of Left Ventricular Failure, JAMA 100*1841 (June 10) 
1933 
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smooth edges gn e a soft blowing, low-pitched systolic murmur followed 
immediately by a low-pitched deciescendo muimui , the systolic phase is 
scarcely sepaiated fiom the diastolic phase, making the “lub-tu” murmur 
characteristic of the aoita and aortic valves Rarely, a deformed valve 
behaves like a vibiatmg reed in the blood stream, producing a high- 
pitched musical murmur approaching a sound which can be heaid in 
the brachial and ladial arteiies, a mechanism pioduced only by the 
smooth fibrotic lesion of syphilis 

In the present series, in five of the six cases, there w'ere harsh mitral 
stenotic murmuis with diastolic murmuis and an accompan}ing pre- 
cordial thrill In one case theie was only a S3Stolic murmur at the 
mitral valve, and in one a blowing systolic muimur at the aoitic area 
In another case there was a systolic niuimui tiansmitted to the caiotid 
aiteiies with a thrill ovei the icssels and a diastolic muimui , post- 
moitem examination revealed a ihcumatic lesion of the aorta The one 
case of aoitic leguigitation diagnosed clinically as frank aortic regurgi- 
tation, syphilitic in origin, had no detectable fiist sound, but a loud 
blowing diastolic murmur transmitted down the bolder of the sternum 
This man had maikcdly widened commissuies and smooth rolled back 
cusps of the lalves with thickened fiee \ahe flaps The histologic 
examination revealed evidence of a maiked syphilitic and an extiemely 
active iheumatic lesion The lesion was piedominantly inflammator}', 
and definite conclusions as to the picdominant etiologic factor could not 
be made 

Three patients of this senes had a t3p]Cal rheumatic fe\er of the 
subacute type, low giade, ^\lth pciiods of exacct bations A low grade 
elevation of temperatuie usually in the neighborhood of 99 F was 
present m two others In onl3' one case -was the temperature normal 
until the onset of lobar pneumonia, the iheumatic disease, although 
active in the pathologic sense, ^\as not of sufficient intensit3' to produce 
the rise m tempeiature ordinal 1I3 associated with this, a subclinical 
infection 

Eyegrounds — Stokes called attention to a S3 mplomatolog3' \\hich 
IS apparently rheumatic, but wdiich on caieful obsenation is that of 
syphilis in disguise Rarely it ma3" be difficult to determine the etiolog3 
of aortic valvular disease The e3'egrounds and reflexes ma3 give valu- 
able information as to the presence of neuiosyphilis One patient of 
this series had slightly iiiegular pupils, with a sluggish reaction to light 
and in accommodation Of the remaindei, two showed sclerotic vessels 
Only one, therefoie, had changes suggestne of S3philis 

20 Stokes, J kfodern Clinical S3’phi1o1og^’-, Philadclplin, W B Saunders 
Company, 1926 
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Scfology — The Wassermann reactions of the blood m the entire 
senes ivere consistently positive In one case of secondary syphilis, 
the reaction became negative under therapy We feel that repeatedly 
positi\e reactions are definite evidence of syphilitic infection, and that 
any case of rheumatic cardiac disease showing such results should be 
carefully studied to evaluate the role of syphilis as an added load 

Roentgenology — Based on six years’ study of cases of syphilitic and 
rheumatic cardiac disease checked b}'’ autopsy, the following criteria 
n ere used in the differential diagnosis of syphilitic and rheumatic heart 
disease (1) for rheumatic infection of the valves, (a) predominant 
enlargement of the left auricle, (h) early pulmonary stasis and widening 
of the pulmonary vessels, (c) enlargement of the right ventricle and 
(d) normal width of the aortic ring, (2) for syphilitic aortitis involv- 
ing the aortic ring, (c) widening of the aortic ring (syphilis not 
involving the ring does not cause such widening), (&) enlargement of 
the left \entricle, (c) late engorgement of the pulmonary field after the 
onset of congestive failure and {d) late enlargement of the right 
ventricle dependent on iight-sided failure and strain 

In our series, four patients revealed typical stenotic lesions of the 
mitral and aortic valves In two, widening of the aortic ring developed 
under observation One case remained of the regurgitant type, the 
pathologic process was strikingly inflammatory, with slight evidence 
of a tendency to heal The remaining case presented several findings 
which offered difficulty in interpretation Although the left auricle was 
enlarged to the degree compatible with a stenotic mitral orifice, the left 
ventricle was correspondingly disproportionately large In the presence 
of an aortic ring of normal width and a prominent supraventricular 
aortic curve, the possibility of hypertension suggested itself Renal 
histologic study revealed benign nephrosclerosis 

Five patients had the inspiratory t}pe of heart seen in mitral 
stenosis , in the last case, that of aortic regurgitation, the heart was of the 
expiratory type Table 3 summarizes the roentgen ray observations 

Electi ocai d^ogiaphic Study — The electrocardiographic records paral- 
lel certain changes in the normal functions of the heart due to disease 
and may give valuable information as to anatomic lesions, rate and 
rhytlim They do not determine the etiology, but may give confirmatory 
evidence of clinical diagnoses Fncdlander 2= found that electrocardio- 
graphic lecords were not pathognomonic of rheumatism, syphilis or 

21 Chandlee, G J , and Burville-Holmes, E Clinical and Roentgen Find- 
ings in the Study of the Heart and the Great Vessels, Am J M Sc 178*304, 1929 

22 Friedlander A The Electrocardiogram in Luetic, Arteriosclerotic and 
Rheumatic Heart Disease, Am Heart J 5 15, 1929 
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aiteiial sclerosis m heart disease, but that the electrocardiograms in 
s}phihs and arteriosclerosis showed a striking parallelism 

The most striking feature in the electrocardiographic study in this 
series was the occurrence of auriculai fibrillation in the cases showing 
the most extensive auiicular disease In one case auricular fibrillation 
developed undei doses of digitalis considered within therapeutic limits, 
and promptly returned to normal rhythm after the administration of 
digitalis was discontinued In the other case, with established auricular 
fibrillation, complete heart block with bundle branch block and a Q 
wave in lead 3 developed on tieatment with digitalis and returned to 
auiiculai fibrillation after the drug was withdrawn The direct chest 
leads showed one returning cycle of the dominant rhythm in this case 
These obseivations suggest that active cardiac infection and disease 
render the heart more susceptible to the toxic effects of digitalis 

A rate of 100 or over was present at some time in five of the six 
cases All but one (chronic auricular fibrillation) had an auriculo- 
ventricular conduction time of 02 second (top normal) Prolonged 
auriculoventncular conduction time is recognized as a frequent finding 
in rheumatic heart disease The anatomic explanation possibly lies m 
an inflammatory lesion of the auricular wall extending upward from 
the mitial valve in the neighborhood of the portion of the conduction 
system lying between the auriculoventncular node and the bundle of His 
The extent of the lesion in the auricular wall may likewise determine the 
liability to the development of auricular fibrillation 

Slurring was the most constant change in the Q R S complex, being 
present in five of the six cases, and was evidence of myocardial disease 
In one case there was marked notching in leads 2 and 3 A large Q 
wave appeared in lead 3 in one instance after auriculoventncular disso- 
ciation, and remained constant but of less amplitude on return to the 
dominant ihythm of auricular fibrillation In another case a Q wave 
appeared, but subsequently disappeared, digitalis was not administered 
in this case 

A diphasic T wave was the change most commonly present T waves 
were also found to be influenced by digitalis The one exception was 
the case in which the T wave in lead 3 was always inverted The T 
wave became more evident as the disease progressed This was the 
case of maiked progressive cardiac enlargement, with increasing right 
axis deviation and right ventricular hypertrophy In one case, with 
marked notching of the Q R S complex, a definite T wave found in 
coronary disease with a low take-off of the S T interval developed 
Juster and Pardee-® found this abnormality in patients with aortitis 

23 Juster, I R , and Pardee, H E B Abnormal Electrocardiograms in 
Patients with Syphilitic Aortitis, Am Heart J 5 84, 1929 
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This case was of the legurgitant type, with an active syphilitic aortic 
valvular lesion and extieine stenosis of the mouths of the coronary 
arteries 


Table 4 — Suinmaiy of Electrocardiogi aphtc Obsavahons 


Case 

Date 

Bhythm* 

Rate 

A V 
Conduc 
tion 

QRS 

S T 

Axis 

Devia 

tlon 

Digitalis 

lA 

G/ 1/27 

NS* 

115 

0 22 

Slurring In 
leads 1, 2, 3 

Upright T1 2 3 

None 

None 

2B 

1/31/27 

NS 

7o 

0 20 

Slurring in 
leads 1, 2, 3 

Tl, T2 diphasie, 
T3 In\crtcd 

None 

10 ce l/2Gto 
1/31/28 

C 

4/ 5/23 

NS 

107 

OIC 

0 20 

Slurring In 
leads 1, 2, 3 

Tl, 112 upright 

T3 ln\ erted 

Slight 

right 

24 CC 2/1 to 
3/20/28 

D 

5/ 8/2S 

AFt 

80 


Slurring In 
leads 1, 2, 3 

Tl upright 

T2 diphasic, 

T3 Inverted 

Right 

74 cc 4/10 to 
6/8/28 

E 

0/21/28 

NS 

107 

010 

0 20 

Slurring In 
leads 1, 2, 3 

Tl upright, 

T2 diphasic, 

T3 Inverted 

Slight 

right 

4 cc 6/10 to 
C/7/28 

sr 

G/17/2S 

NS 

90 

0 20 

Slight Q wave 
In lead 3 

T3 diphasic 

None 

None 

G 

8/28/28 

NS 

88 

0 20 

Q wave ab 
sent In lead 3 

T2 diphasic, 

T3 upright 

Slight 

right 

None 

4H 

1/ 0/28 

NS 

no 

0 20 

Slurring In 
leads 1, 2, 3 

Low voltage 

None 

38 cc 12/27/27 
to 1/3/28, 
before 
admission 

31 

4/ 0/29 

OAF} 

CO 


Slight slur 
ring In 
leads 1, 2, 3 

Tl, T2, T3 
diphasic 

Tend 
ency to 
right 

None 

Ja G/11/29 

OAF, 

A V 
dissoc § 

40 


Notching, 
slurring, 
uldcnlng in 
leads 1, 2, 3 

Tl diphasic, 

T2, T3 Inverted 

Right 

34 cc 5/31 to 
C/ll/29 

Jb G/13/29 

OAF, 

A V 
dissoc 

40 


Notching, 

slurring 

widening 



Same ns Jn 

K 

G/20/29 

OAF 

CO 


Slurring in 
leads 1, 2, 3, 

Q wave In 
lead 3 

Tl, T2 diphasic, 
T3 slighth 
Inverted 

None 

None 

E 

8/2G/29 

OAF 

so 


Slurring In 
leads 1, 2, 3, 

Q wn%c 
smaller 

In lead 3 

Tl, T2 diphasic, 
T3 Im erted 

Slight 

right 

12 cc 7/10 to 
7/1S/29, 17 cc 
8/10 to 8/26/29 

CM 

8/19/30 

NS 

ss 

0 20 

Slurring, 
slight 
notching In 
lends 1, 2, 3 

ST comes olT 
slightly below 
Iso-elcctrlc level, 
Tl upright, 

T2, T2 diphasic 

None 

None 

N 

9/ G/30 

NS 

100 

0 20 

Slurring In 
lead 1 

widening In 
lends 2, 3 

ST comes off 
slightly below 

Iso electric level, 
T2, T3 coronary 

Left 

18 cc 8/9 to 
9/C/30 


* Normal sinus rhythm 
t Auricular fibrillation 
i Chronic auricular flbnllation 
§ Auriculovcntricular dissociation 


Axis deviation, when present, usually tended to the right The 
inspiratory type of heait vas present in all these cases, as shown by 
roentgenographic study, and the majority piesented tricuspid lesions 
The only case of predominant regurgitant aortic insufficiency with the 
expiratory type of heart showed roentgenographically the development 
of an axis deviation to the left The electrocardiogi aphic observations 
are summarized in table 4 
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SUilMARY 

The stud> of the clinical course and pathologic changes in this 
series of six cases of combined syphilitic and rheumatic infection 
reiealed that the predominant lesion i\as rheumatic A stenotic lesion 
of the mitral valve occurred in four of the six cases The remaimng 
tv.o cases had predominant insufficienc}' of the mitral valve from an 
extremely active inflammator}' lesion In five cases active rheumatic 
lahmhtis involved the aorta, three times uith stenosis and once with 
an incompetent valve The incompetent valve had an extremely active 
rheumatic and an active syphilitic infection In one case the aortic 
^ahe vas normal, s}philitic aortitis was present above the valve, but it 
did not involve the nng The evidence of syphihs was most pronounced 
in the commissural region and frequently limited to it Syphihs of 
the m} ocardium could not be proved Associated coronary disease of the 
small vessels complicated one case One case sho\ved aortitis involving 
the mouths of the coronar}' orifices 

The combined infection apparently occurs most frequently in the 
colored race, five of the six patients being Negroes, and it is likely to 
manifest itself during young adult life. The histones suggested that 
the rheumatic infection preceded the syphilis and was reactivated by it 
The clinical course ivas rapidly progressive and usually typically rheu- 
matic One case of coronar}’’ sclerosis had the clinical course of coro- 
nary disease and not S3’philis or rheumatic fever 

Pam was present in five of the six cases and was usually of the 
rheumatic infectious t}pe Dyspnea was usually of the congestive 
failure type Parox3"smal d3’^spnea occurred in the case w'lth coronar3’- 
sclerosis The heart sounds in rheumatic stenotic lesions tend to be 
rough and high-pitched In the aortic region, even w^hen complicated 
by regurgitation, the rough, high-pitched sounds seemed evidence of 
stenosis In S3philis of the aortic valve with insufficiency, the heart 
sounds usualty are lower pitched and softer, and the S 3 ’-stolic-diastolic 
pause heard in stenosis of the valve is absent The eyegroimds showed 
evidence of S3philis in one case Two showed sclerotic changes, and 
the case in w hich the heart was ner er w’ell compensated revealed marked 
engorgement of the veins Serologic reactions were positive in all cases 

Roentgen examination revealed stenotic lesions of the mitral and 
aortic valves Five of the hearts w’-ere of the inspirator3’ type, one 
wnth a predominant aortic lesion of regurgitation was of the expira- 
tor3' t3pe 

The most frequent findings in the electrocardiogram were tachy- 
cardia and from top normal to prolonged aunculoventncular conduction 
time All but one case showed slurring of the Q R S complex Three 
showed a tendenq^ to nght axis deviation only one to left axis deviation 
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Two cases with most marked auiiculai disease showed a conspicuous 
toxic reaction to digitalis 

CONCLUSIONS 

1 The lesions and the clinical course in the six cases of combined 
s}phihtic and rheumatic infection of the heart and great vessels were 
mainly rheumatic, m one case only was the idle of syphilis of equal 
importance to that of iheumatic infection 

2 The combined active infections carry a much graver prognosis 
than either infection occuiring separately 

3 Dyspnea of the coronaiy and congestive failure types must be 
clearly differentiated for the institution of correct therapeutic measuies 

4 Heart sounds help m the differential diagnosis of rheumatic and 
syphilitic aoitic disease 

5 Roentgenology is a valuable aid in the diffeiential diagnosis 
between the roles of syphilis and rheumatic infection m the production 
of cardiovasculai pathologic processes 

6 The electrocardiogram is of most value m studying the clinical 
course of disease and as a check on digitalis therapy 

7 Study of the clinical characteristics of pain helps to differentiate 
more clearly the basic pathologic process associated with the various 
types of cardiovasculai disease 

Dr George Plehn made the roentgenographic studies of these cases The 
observations are to be reported bv him m greater detail in a separate communi* 
cation 



SOME FACTORS DETERMINING THE VARIABILITY 
OF SKIN TEMPERATURE 


H FREEMAN, MD 

AND 

F E LINDER, PhD 

WORCESTER, MASS 

The application of the thermocouple has provided a new and exact 
technic for the determination of skin temperatures The fineness of the 
instrument, however, has to a certain extent cieated a false impression 
as to the accuracy of the determinations The inherent variability of the 
phenomena governing the level of the surface temperature has under- 
gone little investigation, and its effect on the reliability of single determi- 
nations has been largely unchecked In the present investigation an 
attempt was made to determine the magnitude of the variation to be 
expected in such a study 

METHOD 

The investigation was conducted in a windowless, brick-Iined, circular room, 
the temperature of which was maintained between 23 and 24 C and the air flow 
of which was so regulated as to be imperceptible to the nude subject The relative 
humidity was measured at frequent intervals by a sling psychrometer The sub- 
jects were male schizophrenic patients with no organic disease The fact that 
the subjects were psychotic presumably has no significant bearing on the question 
at issue They were studied under basal conditions, completely unclothed and 
lying on a bed containing a mattress covered with a sheet The thermocouple was 
of the type utilized in the investigations of Benedict, Koropatchinsky and Finn^ 
and could be read accurately to within 0 05 C (0 09 degree F ) The various points 
on the skin selected for measurement are designated by numbers, and their location 
can be identified on the figure in chart 1 

The first investigation was undertaken to determine the time at which the 
skin temperature attained an equilibrium with the conditions of the test room so 
that the rest period might be of sufficient length to nullify differences in the 
previous environment For this purpose, six patients were studied under fasting 
conditions After a fifteen minute rest and every fifteen minutes thereafter over 
a total period of one and one-half hours, readings were taken at each of the 
seventeen points designated in chart 1 


From the research service of the Worcester State Hospital and the Memorial 
Foundation for Neuro-Endocrine Research 

1 Benedict, F G , Koropatchinsky, and Finn, M D Etude sur les mesures 
de temperature de la peau, J de physiol et de path gen 1, 1928 



SUCCE.&SIVE. PE-RIODS OF 15 niNUTE-S 

Chart 2 — Means of skin temperature for si\ patients taken every fifteen minutes 
during a one and one-half hour period 
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RESULTS 

The behavior of the subjects is illustrated in chart 2, in which is 
depicted the slope of the mean of the seventeen readings for each of 
the six patients From the first reading there was a general fall m the 
temperature, which in four of the cases, at least, had not attained a 
resting level at the end of ninety minutes Two of the patients had 
reached an apparent equilibrium at sixty minutes It is evident, then, 
that m the majority of subjects a longer period than one and one-half 
hours IS necessary to attain an equilibrium to environmental conditions 
such as were present in the test room As there is an individual differ- 
ence in the curves, a short rest period cannot be utilized in the supposi- 
tion that the error in such a procedure would be a constant one 

Closer analysis of the figures reveals other features of interest The 
subjects were studied in pairs, each two being subjected to the same 


Table 1 — Di op in Skin Tcinpeiainie Dm tug a One and One-Half Hour 

Interval * 


Forehead (l)t 

— Ol7f 

Chest (5) 

0 78 

Abdomen (20) 

0 93 

Upper part of leg (23) 

0 76 

Upper part of arm (7) 

122 

Lower part of arm (12) 

100 

Lower part of leg (25) 

0 69 

Thumb (14) 

161 

Toe (31) 

-0 241 


* Values arc expressed in degrees Centigrade 

t In this and the following tables the figures in parentheses are those used to indicate the 
various points on the body in chart 1 

t The minus sign indicates a rise in temperature 


pretest and the test conditions The dominating influence of environ- 
ment on the skin temperature is shown by the fact that if the first 
readings for the two members of each pair are compared a strong 
positive relationship is found, furthermore, if the last readings are 
similarly matched, apparently an equally good correlation is evident 
As the fifteen minute reading is representative of the pretest conditions 
and the ninety minute period more indicative of the test environment, 
the equalizing effect of external factors on the skin temperature is evi- 
dent The sensitivity of the responsive mechanism is further shown 
by the greatest resemblance between the slopes for the members of each 
pail than between those for diffeient pairs For this reason, it seems 
desirable in any comparison of skin temperatures m noimal or patho- 
logic conditions to measuie one person from each gioup simultaneously, 
so that errors due to environmental differences may be equalized and 
thus reduced in importance 

Despite the general tendency towaid a continuous fall in skin 
temperature on lecumbency, the process was not manifested uniformly 




984 


ARCHIVES OF INTERNAL MEDICINE 


over the entire body In table 1 is a comparison of the total fall in 
temperature over the one and one-half hour period during which the 
various areas were studied In general the change was of greater extent 
m the peripheral than m the central points Over the forehead there 
was a slight rise in temperature On the thumbs there was a fall of 
over 15C (27F) The outstanding exception was m the case of the 
toes, m which a slight elevation of temperature occurred This may 
possibly have been due to the fact that the temperature of the toes was 
so low (25 C [73 4 F ] ) that it could fall no further under the given 
environmental conditions The more marked fluctuation m the 
extremities is m accordance with the greater role which they play m the 
adaptation of the surface temperature to environmental conditions - As 
it is the extremities which are of most interest in clinical studies of 
skin temperature, the error involved in not permitting a proper period 
of adjustment undoubted!}'' may be a factor leading to erroneous 
conclusions 

A second phase of the investigation was the determination of the 
mmute-to-minute variation m the temperature of the skin In any 
extensive study of surface temperatures, many leadings must be made 
extending over a varying length of time At an eiiMionmental tempera- 
ture of 23 C the organism undergoes a continuous loss of heat with a 
consequent reflection m the temperature of the skin Under such condi- 
tions any single reading is repiesentative only of the state existing at 
the moment the reading was made, and it is consequently desirable, 
in making an exact study, to determine the amount of variation occur- 
ring over the period of the investigation 

Accordingly, for eight patients, after a rest period of thirty minutes, 
repeated measurements were made over five points { 1 , 5 , 12 , 22 and 31 
in chart 1) considered representative of \arious aieas on the body In 
the case of the first two patients the readings were made in each area 
at intervals of one minute over a period of five minutes It was immedi- 
ately evident, however, that a slight but consistent rise in temperature 
was present in the later readings While the exact cause of this trend 
was uncertain, it was considered to be due to a reflex vasodilatation from 
the irritant effect of the slight pressure or to a blanketing effect of the 
ebony support of the thermocouple during its ten second period of 
application To minimize the possible effect of this factor, the interval 
between measurements was increased to two minutes and the total period 
to ten minutes Despite this, however, the increase in temperature was 
still evident on the forehead {!), chest (5) and toe { 31 ), as shown in 
table 2, but not on the lower part of the arm { 12 ) or the upper part 

2 Maddock, W G , and Coller, F A The Role of the Extremities in the 
Dissipation of Heat, Am J Phj'siol 106 589 (Dec ) 1933 
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of the leg ( 23 ) This upward trend is more important as the pievious 
investigation has shown that a fall in skin temperature would be 
expected during this period 

The presence of this systematic tendency of the temperature to rise 
on repeated applications of the thermocouple somewhat complicates the 
analysis of the short time variation, but its evaluation may be aided 
by a study of the areas in which it did not occur In table 3 are 
enumerated the standard deviations of the variation occurring over these 
portions of the body surface On the lower part of the arm ( 12 ) and 


Table 2 — Means of Suiface Tempciahne Measurements on Six Patients at 
Consecutive Two Minute Intervals^ 


Dorehead (1) 

First 

Minute 

33 07 

Chest (5) 

32 60 

Lower part of arm (12) 

32 02 

Upper part of leg (23) 

3218 

Toe (31) 

2018 


Third 

Fifth 

Seventh 

Ninth 

Minute 

Minute 

Minute 

Minute 

34 08 

34 27 

34 36 

34 43 

32 72 

32 87 

32 95 

32 99 

32 06 

32 10 

32 13 

3214 

32 12 

3211 

32 11 

32 09 

20 20 

20 31 

20 42 

26 83 


* Values are expressed in degrees Centigrade 


Table 3 — Vanaiton foi Five Consecutive Readings at Two Minute InteivaJs 

in Siv Patients* * 


Standard Deviation 


rorehead (1) 0 364 

Chest (6) 0 200 

Lower part of arm (12) 0 100 

Upper part of leg (23) 0 076 

Toe (31) 0 440 


* Values are expressed in degrees Centigrade 

the upper part of the leg ( 22 ), the vaiiation over a ten minute period 
in the majority of instances was no greater than 01 C, (018 F ), 
and It is possible that were this disturbing upward trend eliminated the 
expected change over the entiie skin would be approximately of this 
extent Such a value, however, would imply a possible maximum vari- 
ation of 0 5 C (0 9 F ), an error of sensible propoitions In view 
of this fact, m an extensive investigation it might be well to vary 
among the subjects the order in which the different regions are mea- 
sured so that there might be no weighting of the values of any par- 
ticular area In this way, the erioi arising under such conditions may 
be so distributed that its importance becomes negligible 

Another possible source of vaiiation lies in the selection of the points 
at which the temperature is to be determined In repeated studies on a 
single subject or m comparative studies on several subjects, a ceitain 
amount of error inevitably must be introduced m locating the points to 
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be investigated unless great care is taken to relate them to fixed anatomic 
landmarks As this is extremely time-consuming, it was thought to be 
more practicable to determine the approximate vaiiation existing within 
a small area surrounding a given point Accordingly, in eight patients, 
the five points previously noted were marked, and around each one were 
selected four spots equidistant from each other and so placed as to be 
representative of a circle of a radius of inch (1 27 cm ) 

The investigation first disclosed that the systematic trend noted in 
the previous study was not evident, the variation of the peripheral from 
the central points being of an entirely random nature In table 4 are 
summarized the constants of the distributions of the dififerences of the 
surrounding points from the central ones The mean differences are 
small, but this is to be expected, because the variation is such as to 
result m a cancellation of the plus against the minus deviations The 


Table 4 — Constants of Distributions of Diffet cnees of Adjacent Points fiom 
Central Points m Eight Patients* 






Standard 

Point 

Minimum 

Maximum 

Mean 

Deviation 

Porchend (1) 

—0 55 

+0 30 

— 0 11 

0 21 

Ohest (5) 

— 0 70 

+0 25 

— 0 13 

019 

Lower part of arm (12) 

—0 50 

+1 10 

+01C 

0 41 

Upper part of leg (23) 

-0 95 

+0 50 

—014 

025 

Too (31) 

—130 

+0 05 

— 0 05 

0 51 


* Values are c\prcssed In dcerces Ccntleradc 


body points in general show greater consistency around them than do 
the peripheral ones, m the latter case there is more opportunity for 
anatomic variation within the small area investigated In the majont) 
of instances these differences extended from 0 2 C (0 36 F ) to 0 5 C , 
depending on the topographic location The maximum ei rors, however, 
may be much greater, being over 1C (18F)on the toe, even in such 
a small series as the one studied It is evident, therefore, that m any 
careful study of skin temperatures the utmost care should be taken to 
localize the desired point carefully, for a slight variation in placement 
may result m appreciable errors It would perhaps be desirable to 
obtain several readings around a given point, the mean being taken as 
the typical value for that area, and in this way minimize the magnitude 
of the possible variation 

COMMENT 

This brief study has revealed that the experimental eirors in the 
determination of skin temperatures are somewhat larger than is ordi- 
narily assumed Differences m temperature of about 0 5 C are to be 
examined ciitically before any significance can be attached to them 
It seems superfluous to make measurements to the fineness of which 
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the thermocouple is capable when the physiologic variation is ten times 
that of the instrument The most important finding presented in this 
study IS the slowness with which the skin comes into equilibrium with 
enviionmental conditions In order to eliminate completely the effects 
of the pretest environment, the skin must be exposed under uniform 
conditions for several hours before accurate leadings can be made This 
seems to be an ideal practically impossible of attainment in clinical 
practice, for it necessitates the possession of a chamber in which 
temperature, humidity and rate of an flow can be controlled Never- 
theless, unless such a standard piocedure is maintained, gross differences 
alone can be accepted as lehable 

SUMMARY 

In a study of the inherent variation of the skin temperature in per- 
sons ivith no organic disease, it was found that 

1 The skin does not adapt itself in the majority of cases to a given 
temperature for at least one and one-half houis, and for approximate 
equilibrium several hours are piobably necessarj 

2 The mmute-to-minute variation in the skin temperature is usually 
of the nature of 0 1 C over the entire body, but it may be as high 
as 0 5 C 

3 An error in the placement of the thermocouple of one-half inch 
from the desired point usually results m a change of fiom 0 2 to 0 5 C , 
but in the extremities the change may be as great as 1 C 



A TEST OF BLOOD FLOW TO AN EXTREMITY 


ITS CLINICAL APPLICATIONS 
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The numbei of vasculai tests is legion Boerhaave is quoted as 
Cl editing Jan Swammerdam with the construction of the first plethys- 
mograph Stephen Hales, the English cleigyman, was the first to mea- 
sure blood pressure by cannulatmg the carotid artery of a horse in 
1733 During the period that followed, accurate measuiements of blood 
pressuie m animals were made, while this study in man remained vir- 
tually a sealed book Then, in 1896, Riva-Rocci introduced the armlet 
method, -tthicli gave reliable results and accurate estimations of systolic 
pressure A cufif of standaid width was introduced which eliminated 
error, and later a complete description by Kortoff of the auscultatory 
changes assuied exact diastolic as well as systolic readings^ A few 
workers still favored the oscillatory deteiminations 

During the last ten years there has been renewed interest in the 
peripheral vascular diseases New methods have been devised, and the 
problem has been approached afresh Sensitive thermocouples were 
used by Lewis - to measure skin tempeiatuie, and the work of Brown,® 
Scott ^ and Simpson ® in thrombo-angiitis obliterans must be mentioned 
The thermocouple, admittedly accuiate, is too liable to gross external 
error in its practical use Changes in humidity, fluctuations of room 
temperature, wind currents, the amount of sweating and other factors 

*Ward Fellow in Medicine 
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which are exceedingly difficult to control often vitiate readings This 
shortcoming led Johnson® and Scupham and Gilbeif^ to favor a finger 
plethysinograph The most ingenious device of their own invention gives 
simple accuiate recoids of the pulse wave of the finger or toe It also 
serves to differentiate between spastic and obstructive vascular lesions 
The improved Pachon oscillometer was used extensively in France by 
Cawadias,® and m Ameiica by Samuels,® Kramer^® and Friedlander 

A diffeient appioach was the study by Lewis of changes m the 
color of the skin He added a full page of colored illustrations to Ins 
report to seive as a guide or index In addition, he studied exhaustively 
the flush and vascular reactions to histamine “ Later, de Takats advo- 
cated histamine readings as an index of collateral ciiculation 

We have long been puzzled by the paradox of arteriosclerosis, m 
that although the blood pressure in an arm gradually increases, often 
to twice the value seen m health, yet the arm actually becomes smaller 
and atrophic With this m mind, these experiments were devised to 
give, if possible, some quantitative expression of the pi ogress of this 
disease 

All experiments weie done at Cook County Hospital, in ward 15, on 
normal healthy men, medical students, interns and patients in the ward 
Tracings were made from only three women (nurses) 

METHOD 

A small quiet room with a fairly even temperature of about 72 F (22 C ) 
was found suitable for these tests The subject was asked to elevate his hand 
above his head for a few minutes to insure a more complete emptying of the veins 
of the arm An elastic 3 inch (7 6 cm ) Martin bandage was wound tightly about 
the arm, beginning at the fingers and proceeding spirally upward to 2 inches 

6 Johnson, C A Studies on Peripheral Vascular Phenomena, Surg, Gynec 
& Obst 55-731, 1932 

7 Johnson, C A , Scupham, G W, and Gilbert, N C Observations on 
Peripheral Circulatory Changes Following Unilateral Cervical Ganglionectomy 
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Circulation of the Lower Extremities, Am J M Sc 185-402, 1933 
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12 Lewis, Thomas Standard Colours for Use in the Study of Vascular Reac- 
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(S cm ) above the elbow It was always applied with uniform and maximum 
tension, often by the same person A tourniquet was applied inch (12 cm) 
above the Martin bandage, just as a surgeon prepares an arm for amputation As 
soon as the tourniquet was locked, the thin rubber bandage was removed and the 
arm was lightly dusted with powder and inserted into the plethysmograph This 
instrument was of the usual construction, having a long brass tube fitted with 
several outlets and a flexible rubber cuff An automobile inner tube of the size 
that fit the patient’s arm worked admirably A small rubber tube connected one 
outlet with a water manometer, which recorded directly on a smoked drum All 
other outlets of the plethysmograph were closed during the experiments After 
four or five minutes of occlusion, during which time an adequate control tracing 
and base line were obtained, the tourniquet was quickly released A rapid regular 
rise was seen m the graph, followed by a sustained plateau The drum was then 
stopped, and the increased volume of the system was measured by aspirating air 
from a Y tube between the manometer and the plethysmograph This was gener- 
ally recorded m 20 cc quantities, but when there were small “reactions” it was 
marked in 10 cc amounts A uniform speed of 1 5 cm per minute was maintained 
by the drum Outlets were opened and the base line was verified A small rubber 
band was snapped about the arm at the free margin of the cuff, and the arm was 
withdrawn from the plethysmograph Total ^olume measurements of the arm 
were determined by the immersion method Our brass cylinder was equipped 
with a small lead strip which was used as an indicator of the water level, serving 
in this dual capacity nicclj 

In our early experiments, the type and the height of the curve were studied 
Generally, with a large arm a large rise was seen, and a small arm gave a small 
curve, so this method was abandoned To overcome this error, an expression 
of the amount of increased volume of a part after release of the compressed arterv 
to a given unit of that extremity was sought Let C represent the amount m cubic 
centimeters of increased volume of a part after the release of the tourniquet, and 
T the total volume of the part included in the plethysmograph This simplv 

resolves itself to -^100 Or, in other words, it is the percentage of the total 

compressibility of the vascularity of a part to that part 


RESULTS 

Several tests were made on the same person (fig 1) They were 
performed at intervals of one-half hour, since it was believed that all 
disturbing influences from previous compression would be abolished 
during that time Ratios of the two arms were practically identical in 
several tests (table 1) In a series of twenty-four normal men (free 
from vascular disease), the ratios were from 4 5 to 8 8 Age apparentl} 
did not influence this ratio The youngest, aged 20, and the oldest, aged 
74, had figures of 5 2 and 5 3, respectively Only three women were 
included, and while this number is too small for critical study, it is odd 
that their average was 5 9, as compared to 6 for the men Errors incident 
to the method are great, so the ratios should be expressed only in the 
nearest tenths In this group of twenty-seven normal persons, the lowest 
value was 4 4, and we arbitrarily accepted this as the lowest limit of 
normal Smaller values were considered pathologic 
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A oToup of thiity-one persons constituted the abnormal series 
(table 2) Six persons with diabetes gave values ranging from 4 5 to 8, 
all within the normal scope (fig 2) Four of these cases were compli- 
cated by other disease two by thyrotoxicosis, one by hypertension and 
early arteriosclerosis and one by bronze diabetes Appaiently, the addi- 
tional pathologic condition was insufficient to disturb this ratio There 

Table 1 — Noimal Values joi the Anns 
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5 2 

Epilepsy 
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T S 
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1,470 

SO 

5 5 
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3 

D S 
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5 5 
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10 
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M 
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85 

38 

Multiple sclerosis 

11 

A T 

M 
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69 

Syphilis 

12 

J A 

M 
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4 5 

Unresolved pneumonia 
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M 
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SO 
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15 
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SO 
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Rheumatic fever 

16 
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90 
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Fibrous tuberculosis 

17 
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M 

46 
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62 
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18 
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49 
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82 
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19 

J H 

M 

51 

1,490 1,450 

100 90 

6 7/6 2 
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88 
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22 
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D L 

M 
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SO 
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24 

G R 
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were four persons with carcinomas who had ratios of 2 5, 2 7, 4 and 5 6 
In the first two, the emaciation and cachexia probably accounted for 
these low values Two patients with aortitis (fig 3) gave ratios of 2 8 
and 3 8, while a youthful patient with hypertension also gave 3 8 A 
patient with a syphilitic hemiplegia on the left side had a ratio of 2 7 
in the paralyzed arm, and 3 4 in the other one (fig 4) 

Patients with nephritis gave low ratios except in one case, which 
showed a normal value In two patients with acute exacerbation of 
chronic glomerulonephritis, the figures were 3 6 and 3 8 (fig 5) while 
m two patients with long-standing cases of chronic nephritis they were 
2 6 and 4 1 (fig 6) A patient with chronic interstitial nephritis, a high 
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Fig 1 — Tracings made on M S , aged 58, suffering from arthritis but free 
from vascular disease The first two tracings were taken within one-half hour of 
each other, that of the left arm in the next half hour The total volume of the 
right arm was 1,765 cc , the compressed volume, 140 cc The total volume of the 
left arm was 1,810 cc , the compressed volume, 140 cc The ratios were right 
arm, 7 9 , left arm, 7 7 



Fig 2 — Tracing made on O H, aged 37, with diabetes, hypertension and early 
arteriosclerosis The blood pressure was 180 systolic and 120 diastolic The total 
volume of the arm w'as 1,935 cc , the compressed volume, 110 cc The ratio 
was 5 7 



■20 


■Vo 


Fig 3 — ^Tracing made on F P , aged 47, with aortitis and aortic regurgitation 
The total volume of the arm was 1,280 cc , the compressed volume, 35 cc The 
ratio was 3 8 



Fig 4 — ^The first tracing was made on T A , aged 34, with syphilitic hemi- 
plegia on the left The first tracing is of the right arm, tlie total volume was 
1,890 cc , the compressed volume, 65 cc , the ratio was 3 4 The second tracing 
IS of the paralyzed arm , the total volume was 1,780 cc , the compressed vmlume, 
50 cc , the ratio was 2 7 
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grade hypertension and letinitis albuminunca had the lowest ratio of this 
group, 2 5 

Patients with arteiioscleiosis gave very low ratios, although theie 
was one case that might be classed as normal A maikedl} aiteiio- 
sclerotic patient, aged 55 jears, the 30 ungest of these men, had a ratio 

Table 2 — Values foi Dtffeicnf Diseased Conditions 
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M 

73 

1,200 


30 


25 

Cancer of rectum 
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on both legs 

32 

E H 

M 

74 

2,250 


40 
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Dry gangrene on right leg 


of 1 9 Three patients with arteiioscleiotic hearts had ratios of 2 9, 3 5 
and 4, and one whose condition was complicated by definite involvement 
of the coronary artery had 2 9 (fig 7) A patient with diabetes and 
arteriosclerosis had a ratio of 3, while another with a decompensated heart 
had 4 4, a value that might be classed as normal This gi oup as a whole 
showed the most noticeable lowering of the ratio 

Tracings of the leg were made on only four persons, and these results 
are added since they indicate a similar change m the leg to that m the 
arm A ratio of 9 7 (fig 8) was found in a normal peison, and one 
vith an intermittent claudication (fig 9) gave 4 5 and 6 3 This patient 
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Fig S — The first tracing was made on W W , aged 43, with acute exacerbation 
of a chronic glomerular nephritis , the total volume of the arm was 1,320 cc , 
the compressed volume, SO cc , the ratio was 3 8 The second tracing was obtained 
on A M, aged 49, with a duodenal ulcer, the total volume of the arm was 1,460 
cc , the compressed volume, 120 cc , the ratio was 8 2 


20c c 
Hoc c 

1 

Fig 6 — Tracing made on P P, aged 62, with chronic nephritis The total 
volume of the arm was 1,720 cc , the compressed volume, 45 cc , the ratio was 2 6 




Fig 7 — The first tracing was made on G R, aged 74, with arthritis, the total 
volume of the arm was 1,490 cc , the compressed volume, 80 cc , the ratio was 5 3 
The second tracing was obtained on J S , aged 58, with coronary sclerosis , the 
total volume of the arm was 1,400 cc , the compressed volume, 40 cc , the ratio 
was 2 9 



Fig 8 — Tracing made on H L, aged 29, a normal subject The total volume 
of the leg was 2,060 cc , the compressed volume, 200 cc The ratio was 9 7 



Fig 9 — Tracing made on A V, aged 48, with intermittent claudication The 
total volume of the leg was 2,060 cc , the compressed volume, 130 cc The ratio 
was 6 3 
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complained of more distress, ciamps and pain in the left calf, the leg 
with the lower ratio A patient with diabetes and ulcers on both legs, 
awaiting amputation, had a ratio of 5 1 and 4 7, and a patient with a 
self-amputating dry gangiene of the light great toe and arteriosclerosis 

gave only 1 7 

COMMENT 

The method was cnticall}' examined b} us, and all sources of eiror 
were appraised First the Martin bandage was applied seveial times, 
and approximately the same increase in volume was noted Several tests 
were made on the same subject on different days, and the error was 
within 20 cc Second, the increase in air piessure was questioned as 
lepiesentmg the increase in air volume An arm was prepared m the 
usual way, then immersed in water, and the volume was noted The 
tourniquet was then released, and the new volume w as recorded This 
increase roughly equaled the inciease shown on a graph made later 
Appreciation of the crudeness of the immersion method is necessary in 
evaluating these results Thud, many tracings had a small but gradual 
elevation during the control peiiod In earlier tracings, this was entirely 
eliminated by placing the left forearm m the plethysmograph prior to 
the experiment, thus wmrming it As it was our object to have the 
rubber cuff fit as loosely as possible on the arm and cause no venous 
obstruction, many attempts weie failuies, as the cuff was not air-tight 
To insure an air-tight system, this rise due to heat was welcomed as a 
check on the system , proper deductions of it were made later Fourth, 
in some tracings, a depiession and an irregulai rise were displayed 
befoie the sustained high rise They were movements of the arm in the 
plethysmograph incident to the removal of the tourniquet Fifth, only 
a few patients showed muscular contractions of sufficient magmtude to 
interfere with the graph, but at no time did they obscure the levels It 
must be added that our earliest attempts were disheartening, as they 
recorded all muscular movements, tremors and pulse waves The instru- 
ment was made less sensitive, obliterating these curves and writing 
fairly regular curves which were easier to evaluate Patients were seated 
with the arm in a horizontal position, the elbow properly supported and 
comfortably adjusted, so that most of them, even the very sick, had no 
difficulty in remaining quiet during the test 

Our results agree well with those of Hewlett and Van Zwaluwen- 
burg,^® who studied the rate of blood flow to the arm following venous 
obstruction Tschuewsky actually measured the blood flow to a dog’s 

15 Hewlett, A W , and Van Zwaluwenburg, J G The Rate of Blood Flow 
m the Arm, Heart 1*87, 1909 

16 Tschuewsky, J A Ueber Druck, Geschwindigkeit und Widerstand "in der 
Strombahn der Arteria Carotis und Crurahs sowie m der Schilddruse und in dem 
Musculus gracihs des Hundes, Arch f d ges Physiol 97 210, 1903 
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hindleg by a Stjomuh He found that after a brief arterial obstruction 
6 89 cc of blood flowed per hundred cubic centimeters of leg Sir 
Thomas Lewis, in his painstaking work on “reactive hyperemia,” studied 
the effect of heat and cold, duration of obstruction and exercise on this 
phenomenon, but did not apply the test to any pathologic cases 

Admitting from the outset the simplicity and crudeness of this appa- 
ratus, we believe this test is of value in the study of peripheral vascular 
disease This paper is to be viewed only as a preliminary report , further 
work IS now in progress 

CONCLUSIONS 

1 A test of the total compressible vascularity of a part is described, 
and a ratio is used to express it 

2 Normal ratios vary from 4 4 to 8 8 

3 Ratios lower than 4 4 were considered pathologic 

4 Cases of diabetes, thyrotoxicosis, aortitis, hypertension, carcinoma, 
nephritis and arteriosclerosis were studied 

17 Lewis, T , and Grant, R T Observations on Reactive Hyperemia, Heart 
12 73, 1925 
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The clinical evidences of circulatory failure in the first days of myo- 
cardial infarction often differ conspicuously from the manifestations of 
decompensation in other diseases of the heait In many instances the 
absence of orthopnea is striking, the patient evinces no distress when 
lying flat in bed despite the fact that grayish cyanosis and cold extrem- 
ities testify to the impaiiment of the peripheral circulation More- 
over, inspection of the cervical and other superficial veins reveals that 
they are largely collapsed These observations aie in sharp contrast to 
those which one is accustomed to encounter when equally severe retarda- 
tion of the peripheral circulation occurs in such conditions as, for 
example, mitral stenosis In that case the patient is orthopneic, and the 
superficial veins are engorged The picture m myocardial infarction is 
obviously the one which is familiar to every physician under the name 
of shock and which results from disturbances in the periphery of the 
circulation with a resultant decrease in the venous return to the heart 
The remarkable feature is that this exquisitely peripheral type of failure 
lesults from myocardial infarction, a cardiac lesion par excellence 

In other instances of myocardial infarction the consequences of 
cardiac rather than penpheral circulatory failure are dominant They 
may consist of manifestations of insufficiency of the left side of the 
heart, largely orthopnea and other consequences of pulmonary stasis, 
or the nglit side may fail, with resultant swelling of the systemic veins 
and of the liver Most often, evidences of both cardiac and peripheral 
circulatory failure are present 

In this communication we present observations relevant to the nature 
of the derangements in the dynamics of the circulation underlying these 
diverse clinical pictures of myocardial infarction 

From the Medical Services and the Laboratories o£ the Mount Sinai Hospital 

Eugene Meyer Fellow Aided by a grant to the Emanuel Libman Fellow- 
ship Fund in memory of Adele Schiff 

Emanuel Libman Fellow 
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MATERIAL AND METHODS 

Fifty-nine patients with clinical and electrocardiographic evidence of recent 
myocardial infarction were observed Twenty-si-^ cases were fatal and necropsy 
was performed m nineteen In addition to the usual clinical observations, the 
venous pressure, circulation time and volume of the circulating blood were studied 

Venous Pressure — This ■was measured b^' the method of Taylor, Thomas and 
Schleiter,! with slight modifications 

The apparatus is an L-shaped glass tube 30 cm in length and 4 mm in bore 
The short limb is ground to fit a 19 gage needle The manometer is sterilized 
by boiling, and moistened with a 10 per cent solution of sodium citrate The latter 
serves to inhibit coagulation during protracted measurements and minimizes the 
resistance to the flow of blood in the tube 

The patient is placed in the supine position He is cautioned to relax and 
breathe as usual The relaxed upper extremity is extended parallel to the mid- 
axillary line and propped up throughout its length by a pillow so that an ante- 
cubital vein IS 5 cm below the anterior surface of the sternum at the attachment 
of the fourth rib This is approximatelj the level of the caval openings in the 
right auricle 

The cuff of the sphj gmomanometer is applied .above the elbow and inflated to 
30 or 40 mm of mercury Immediately after insertion of the needle into the ^eln, 
the constricting cuff is deflated The height attained by the column of blood 
m the tube is the venous pressure in centimeters of blood A confirmatory read- 
ing IS generally obtained by again inflating the cuff so that the blood in the tube 
rises above the level of the acnous pressure On releasing the cuff, the blood 
flows back into the aein until the column has fallen to the lead of the venous 
pressure The “blood up” and “blood down” readings should check closely 

In health, the pressure obtained by this method in a large antecubital vein is 
between 4 and 8 cm of blood 

emulation Time — The method used was that of Fishberg, Hitzig and Kiiig- 
Two and five-tenths grams of soluble gluside is dissolved by heating in 2 cc of 
sterile distilled water It is taken up m a 5 cc syringe attached to a 19 gage 
needle and allowed to cool spontaneously to body temperature The patient reclines 
m bed in a position which is as nearly flat as comfortable He is instructed to 
relax and not to hold his breath follow'ing the insertion of the needle He is 
also told that he will experience a sweet taste, which he should announce imme- 
diately The arm is supported on a pillow' as for the determination of the venous 
pressure A tourniquet is applied just before the insertion of the needle into a 
large antecubital vein and removed as soon as the needle is in the vein After 
waiting about a minute for any circulatory disturbance consequent on the veni- 
puncture and application of the tourniquet to subside, the injection is performed 
ds rapidly as feasible The time elapsing between the injection and the percep- 
tion of the sweet taste is recorded with a stop-watch The subject usually describes 
the sweet taste as passing with great rapidity from the base to the tip of the 
tongue and quickly diminishing 


1 Taylor, F A , Thomas, A B , and Schleiter, H G Direct Method for 
Estimation of Venous Blood Pressure, Proc Soc Exper Biol & Med 27 867 
(May) 1930 

2 Fishberg, A M , Hitzig, W M , and King, F H Measurement of Cir- 
culation Time with Saccharin, Proc Soc Exper Biol & Med 30 651 (Feb ) 1933 
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By this method, the circulation time m health is between nine and sixteen 
seconds The circulation time thus determined is largely a measure of the 
velocity of blood flow through the lungs, for there is evidence to show that com- 
paratively little time is taken for the blood to flow from the antecubital vein to 
the right side of the heart and from the left side of the heart to the capillaries 
of the tongue The only complete capillary circuit traversed is that in the lungs 
In accordance with this, we have found that great prolongation of the circulation 
time as tested by the gluside method is most common in failure of the left 
side of the heart with pulmonary engorgement On the other hand, in the periph- 
eral circulatory failure of shock, the time, when tested by gluside, is much less 
prolonged or even within normal limits 

The Volume of Circulating Blood — ^This was determined by the injection of 
Congo red The results in health are between 70 and 95 cc per kilogram of body 
weight 

The observations are recorded in table 1 The caption “duration 
of infarction” indicates the time between the onset of the fiist symptom 
that seemed definitely indicative of myocardial infarction and the time 
when the first circulatory measurements were carried out This is only 
approximate, for in many instances the symptoms set in gradually In 
the column headed “localization of fresh infarction,” the site of the most 
recent infarction is described The site of fiesh infarction was deter- 
mined at necropsy m nineteen cases 

In the remainder, the electrocardiographic criteiia developed by 
Barnes and Whitten,^ Pardee and Bell,^ Crawford and his associates,'^ 
Wilson and his co-workers,® Fenichel and Kugell,^ and Wolferth and 
his associates ® were used to establish the general localization of the 
lecent infarction This electrocardiographic localization is expressed in 
the table as either anterior or posterior infarction By anteiior infarc- 
tion IS meant involvement of the anterior and apical portions of the left 
ventricle, which often extends far enough to the right to implicate the 
anterior third of the septum and the adjacent anteiior and apical portion 

3 Barnes, A B , and Whitten, M B Study of the R T Interval in Myo- 
cardial Infarction, Am Heart J 5 142 (Dec ) 1929 

4 Pardee, H E B , and Bell, A Report of Two Cases with Electro- 
cardiographic Localization of the Thrombus m the Right or Left Coronary 
Arteries, J A M A 94 1555 (May 17) 1930 

5 Crawford, J H , Roberts, G H , Abramson, D I , and Cardwell, G C 
Localization of Experimental Ventricular Myocardial Lesions by the Electro- 
cardiogram, Am Heart J 7 627 (June) 1932 

6 Wilson, F N , MacLeod, A G , Barker, P S , Johnston, F D , and 
Klostermeyer, L L The Electrocardiogram in Myocardial Infaiction with Par- 
ticular Reference to the Initial Deflections of the Ventricular Complex, Heart 16 
155 (June) 1933 

7 Fenichel, N M , and Kugell, V H Large Q-Wave of Electrocardiogram 
Am Heart J 7 235 (Dec ) 1931 

8 Wood, F C , Bellet, S , McMillan, T M , and Wolferth, C C Electro- 
wrdiographic Study of Coronary Occlusion Further Observations on the Use of 
<-hest Leads, Arch Int Med 52 752 (Nov ) 1933 
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Table 1 — Cticnlatoiv Measwcmcnts m Myocaidial Infarction 







Circu 







Venous 


lating 







Pres 


Blood 





Duration 


sure, 

Cm 

CIrcu 

Yol 





of 


lation 

ume 

Arterial 

Localization 



Infarc 


of 

Time, 

Cc/ 

Pressure, 
Mm He 

of Prcsh 


Oaso 

tlon 

Date 

Blood 

Sec 

Kg 

Infarction 

Outcome 

1* 

5% hrs 

7/17 

9 

lOMi 

101 

110/ 80 

Posterior (ecg t) 




7/26 

8 



110/ 74 




7/31 

0 

17 

105 

114/ 70 





8/ 4 

0 

15^ 


112/ 70 


Improved 

2 

IS hrs 

3/10 

10 5 

18V4 


140/ 90 

Equly ocal (ecg ) 




3/11 

55 


82 

120/ DO 





3/12 

8 5 

17 


110/ 80 





3/13 

7 5 



130/100 





3/10 

85 

201,4 


130/ 80 





3/23 

05 

1914 


148/110 





3/23 

85 

IC'4 


114/ 80 





4/11 

05 

10% 


98/ 78 





4/20 

05 

15% 


118/ 00 


Improved 

Hcadmlsslon 

10/ 7 

13 

29 

104 

104/ 88 





10/17 

15 

27 


110/ 80 





10/24 

85 

23 


110/ 80 


Improy cd 

3 

1 day 

0/ G 

35 



112/ 70 

Anterior (ecg ) 




0/13 

95 



104/ 08 





C/24 

7 



98/ 04 


Improved 

4 

1 day 

11/25 

12 5 

25 


90/ 70 

Posterior (ecg ) 




11/20 

8 

28 

94 

102/ 70 





12/ 0 

8 

29 


100/ 58 


Improyed 

0 

2 dajs 

12/10 

25 

21 

50 

00/ 54 

Equivocal (ecg ) 



12/19 

05 



02/ 54 





1/ 2 

55 



68/ 62 


Improved 

roilow up 

5/ 3 

7 

141/4 


148/ DO 


Eo symptoms 

0 

2 dajs 

0/ 8 

65 

14% 


110/ 84 

Anterior (ecg ) 



0/14 

55 

131/4 


112/ 00 

Improved 

7 

3 days 

11/ 1 

12 

41 

03 

80/ 00 

Myomalacia of 

Died, post 





anterolateral, septal, 
apical and basal por 

mortem 











tions of left y entrlclo, 
postmortem 


8 

0 days 

7/30 

1 5 



140/ 84 

Equiy ocal (ecg ) 



8/ 2 

2 



140/ 80 





8/ 4 

5 



142/ 80 





8/ 0 

18 



110/ 02 





8/ 0 

4 5 



124/ 72 





8/ 8 

5 



122/ 86 





8/18 

4 



102/ 70 
140/ 80 





8/20 

55 




Improved 



9/ 0 

0 



144/ 84 


0 

0 days 

11/22 

2 5 

11% 

79 

122/ 80 

Anterior (ecg ) 

Died, no autopsy 



11/20 

3 

11% 

73 

114/ 70 



10 

0 days 

2/ 8 

3 5 

32 

72 

130/100 

Anterior (ecg ) 




2/ 9 

26 



128/ 02 





2/11 

7 76 

24 


110/ 80 





2/10 

5 



125/ 90 





2/19 

4 



120/ 80 





2/21 

2 6 



120/ 90 





2/23 

55 







2/27 

8 


85 

110/ 00 





3/ 4 

45 

18% 


120/ 00 





3/12 

3 

22 


120/ 04 





3/10 

4 5 



118/ 00 





3/28 

5 

1914 


128/ 90 





4/25 

0 

18 


132/ 90 


Improved 



G/12 

7 

23 


130/ 94 


Headmission 

0/27 

05 

29 

102 

126/ 00 

Anterior (ecg ) 

Improved 

Eendmisslon 

11/ 0 

10 

39 

110 

146/104 

Improved 

11 

7 days 

11/17 

25 



100/ 68 

Posterior (ecg ) 




11/20 

3 



112/ 68 





11/24 

3 25 



100/ 60 


Improy ed 



11/27 

26 



114/ 00 



* Cases 1 to 10 inclushe irere Instances of Initial miocardlal infarction, while in cases li 
to 59 inclusive there was notable cardiac insufflcicncj prior to the present infarction 
t ElectrocardloBram 



Table 1—Cvculatoiy Measnt cvients m Myocmdwl Injaicfion Continued 


Duration 

of 

Infarc 
Case tion 

12 9 days 


Venous 

Pres 

sure. Giro 
Om latlc 
of Timi 
Date Blood Sec 

12/22 18 
12/25 22 5 


Ulrcu 
latlng 
Blood 
OIrcu Vol 

latlon ume Arterial 
Time, Cc / Pressure, 
Sec Kg Mm Hg 


Localization 
of Presh 
Infarction 


13 

11 days 

4/24 

G 

10V4 



6/ 5 

56 

11 

14 

14 days 

7/ 8 

2 

ISVi 



7/18 

'7/911 

1 

Q 

19% 



8/16 

46 

16 

16 

lto8 

2/27 

0 

1S% 


weeks 

3/ 3 

5 

19 

10 

8 weeks 

8/26 

36 



(repeated 

8/20 

4 



attacks) 

9/ 4 

35 


17 

15 hours 

6/ 6 

36 

14 



6/10 

6 


18 

1 day 

5/20 

86 




6/25 

8 

42 



5/29 


49 



5/31 

65 

36 

Readmlsslon 





7 days 

7/26 

20 


19 

1 day 

6/ 7 

25 


20 

1 day 

10/6/32 

2 




10/ 7 

65 




10/ 7 

4 


Readmlsslon 

11/28/33 20 




11/29 

18 5 

42 

21 

1 day 

9/27 

85 




9/30 

11 




10/ 3 

8 




10/10 

0 


22 

1 day 

7/ 7 

3 

19 



7/ 8 

4 5 




7/18 

95 

13% 

23 

1 day 

5/30 

10 5 

23% 



6/ 9 

6 

18% 

24 

Iday 

10/ 4 

5 




10/ 6 

6 


25 

1 day 

8/25 

12 5 




8/26 

95 




8/28 

6 5 




8/31 

4 




9/ 1 

3 




9/ 2 

3 26 




9/ 4 

36 




9/ 6 

35 


26 

1 day 

i/17 

19 


27 

1 day 

7/22 

17 6 

29 



8/17 

45 

16 

28 

1 day 

10/28 

10 



10/29 7 5 

10/30 4 5 

10/31 6 75 

11/ 3 8 

11/ G 9 6 

11/ 9 8 76 


11/21 7 5 

11/24 6 25 


142/ 90 My omalacla of apex, 
96/ 72 both papillary 

muscles and lower 
portion of septum of 
left ventricle, per 
foration of septum 


220/110 
168/ 98 

49 118/ 80 

160/110 
73 176/110 

110/ 84 

120/ 80 
102/ 76 

98/ 74 
106/ 78 
96/ 72 

82 96/ 70 

130/ 94 


200/140 
180/130 
178/ 98 

136/ 80 

96/ 76 


Posterior (ecg ) 
Anterior (ecg ) 

Anterior (ecg ) 

Anterior and 
apical portion 
of left ventricle 

Equivocal (ecg ) 
Posterior (ecg ) 


Posterior basal por 
tion of left ventricle 

Posterior (ecg ) 


130/ 88 
160/106 
210/140 
184/118 
168/108 


150/ 92 Posterior (ecg > 
180/110 
160/ 90 
146/ 84 

112/ 88 Posterior (ecg ) 
94 98/ 70 

120/ 90 

174/ 94 Posterior (ecg ) 
172/ 80 

68 106/ 80 Anterior (ecg ) 

92/ 70 


Anterior (ecg ) 


90/ 60 
96/ 70 
102/ 70 
86/ 66 
94/ 66 
96/ 66 
104/ 60 
96/ 60 


170/130 Posterior basal por 
tion and septum of 
left ventricle 

120/ 80 Posterior (ecg ) 

146/ 86 

120 / 00 Anterior (ecg ) 

106/ 80 
94/ 78 
104/ 78 
92/ 72 
104/ 84 
110/ 84 
114/ 92 
106/ 90 
110/ 90 
124/ 94 


Outcome 
Died, autopsy 


Improied 


Improy ed 

Improved 
Died, autopsy 


Improved 

Improy ed 
Died, no autopsy 
Died, autopsy 

Improved 
In hospital 

Died, no autopsy 

Improved 

Improved, died 
4 mos later 

Improved 


Improved 
Died, autopsy 

Improy ed 


Improy ed 



Table 1 — Cii dilatory Measmements m Myocardial Infaiction — Continued 







Circa 






Venous 


lating 






Pres 


Blood 




Duration 


sure, 

Cm 

Circu 

Vol 




of 


latlon 

lime 

Arterial Localization 



Infarc 


of 

Time, 

Cc/ 

Pressure, of Presli 


Case 

tion 

Date 

Blood 

Sec 

Kt 

Mm Hg Infarction 

Outcome 

29 

2 days 

4/18 

3 

IG'/i 


122/ 74 Lquii ocal (ecg ) 

Unimproyed 
discharged 
against advice 

80 

2 days 

12/30 

8 


98 

118/ 70 Posterior (ecg ) 

Unimproved, 



1/ 1 

10 



124/ 80 

psychotic 



1/11 

8 5 



108/ 72 

transferred 



2/ 3 

7 



80/ DO 


31 

2 days 

9/23 

4 5 

32 


123/ 83 Anterior and apical 

Died, autopsy 







portions of left 
yentricle, anterior 
and apical portions 
of right ycntricle 



32 

3 wceLs 

1/11 

3 



110/ 70 Lquii ocal (ecg ) 




1/14 

4 



112/ 72 




1/10 

4 



170/ 90 

Improy ed 

Rendmlsslon 







2 days 

8/ 9 

12 

2P4 

77 

80/ ? Anterior apical and 

Died, autopsy 



8/10 

10 



82/ ? septal portions of 



8/13 

85 



120/ ? left yentricle 




8/21 

9 

20 


100/ 7 




8/23 

7 



102/ 7 




9/ 5 

85 

30 

70 

100/ 7 


33 

2 days 

8/21 

3 

ssy. 

120 

140/100 1 quly ocal (ecg ) 

Died, no autopsy 



8/20 

2 1 

SO 


120/ 80 




8/30 

35 

32 


110/ 70 


34 

2 days 

4/ 4 

10 5 



180/130 Lquiy ocal (ecg ) 

Died, no autopsy 



4/ 0 

13 5 

451,4 

114 

130/100 


33 

3 days 

11/22 

13 5 



80/ 7 Posterior basal por 

Died, autopsy 



11/23 

16 73 


90 

80/ 7 tion and septum of 







left ventricle 


30 

3 days 

4/14 

14 

30 


80/ 5C Posterior, basal. 

Died, autopsy 



4/13 

19 



78/ 52 posterolateral. 







anterior apical and 
anterolateral portions 








of loft y entrlcle 


37 

3 days 

8/17 

2 5 



118/ C4 Posterior (ecg ) 




8/18 

6 



ISO/ 6G 




8/20 

3 



134/ CS 




8/21 

25 



114/ CO 




8/22 

3 5 



130/ GO 




8/24 

2 



120/ C2 




8/23 

3 



130/ 00 




8/27 

2 5 



132/ 70 

Improved 



8/28 

4 5 

38 


130/ 74 

38 

4 days 

2/ 4 

O 

21 


130/ 90 Lquiy ocal (ecg) 




2/ G 

45 

22 

92 

108/ 80 




2/ 7 
2/ 8 

15 






3 







2/13 

C6 

SO 


108/ 70 

Improved 



2/17 

65 

21% 


114/ 88 

Readmisslon 

11/29 

05 

38 


150/100 

in hospital 

39 

4 days 

5/16 

G 

29 

75 

92/ 70 Posterior (ecg ) 

Died no autopsy 



5/17 

55 

34 


70/ 7 




5/18 

12 



70/ 7 


40 

4 days 

3/31 

G 

13% 

98 

110/ 70 Equivocal (ecg ) 

Improved 



4/8 

05 

14 ■ 


116/ 82 

41 

4 days 

4/13 

85 

40 

108 

118/ 04 Anterior apical 

Died, autopsy 



4/18 

8 

39 


100/ 00 and septal portions 




4/21 

66 

42 


150/ 98 of left ventricle 




4/20 

75 

35Si 


90/ 6G 




6/28 

12 



114/ 70 




Table 1 —Cu culatoi y Measinements tii Myocardial Infaictwn — Continued 







Circu 




Venous 


latine 




PrcS 


Blood 


Duration 


sure, 

Circu 

Vol 


of 


Cm 

lation 

ume 


Infarc 


of 

Time, 

Cc/ 

Case 

tion 

Date 

Blood 

Sec 

Ke 

42 

4 days 

8/ 4 

25 





8/ 6 

5 5 



Rcndmission 






10 days 

9/12 

IS 




9/14 o 

9/15 4 

9/16 2 5 


5 days 

12/ 9 

10 


12/11 

14 6 

5 dajs 

8/31 

25 


9/ 1 

2 


9/ 2 

35 


Tresli infarction 9/ 4 12 

9/4 11 5 

9/ 5 13 

9/6 15 5 


45 

6 days 

11/22 

4 





11/27 

6 

23 


40 

6 days 

11/28 

9 5 


114 



11/30 

9 





12/ 2 

85 





12/ 0 

15 5 





12/12 

9 





12/17 

11 





1/ 3 

95 





1/ 5 

95 



47 

7 dajs 

8/ 7 

2 





8/10 

4 





8/15 

5 



48 

S days 

4/20 

19 

31 




4/27 

17 


113 

• 






49 

9 days 

2/ 7 

3 5 

51% 

127 



2/ 9 

05 

oot^ 


Follow up 

4/ 4 

75 

39 


50 

2 weeks 

8/12 

3 5 

16% 

114 



8/20 

45 

13 


51 

2 weeks 

3/28 

7 

11% 

118 



4/ 8 

8 

12 


52 

2 weeks 

4/10 

26 



53 

2 weeks 

8/29 

11 5 




54 

3 weeks 

6/10 

7 5 

15 


55 

3 weeks 

12/22 

17 





12/28 

12 





12/29 

5 5 





12/30 

6 



:o 

3 weeks 

7/23 

7 25 





8/ 9 

7 5 



57 

4 weeks 

7/20 

7 5 

35% 

111 



7/29 

85 

37 



4 weeks 

S/15 

8 5 

so 

120 

oS 

4/21 

23 5 

47 

122 



5/25 

25 5 

34% 




6/22 

17 5 

S9 




7/20 

20 

37 




7/26 

19 

30 


59 

3 months 

1/17 

19 5 





1/18 

19 





1/23 

14 




Arterial 
Pressure, 
Mm He 

Localization 
, of Fresh 

Infarction 

Outcome 

90/ 64 
86/ 62 


Improved 

104/ 88 
104/ 88 
118/ 70 
104/ 74 
102/ 70 

Posterior basal 
and septal portions 
of left ventricle 

Died, autopsy 

96/ 70 
86/ ? 

Anterior apical 
and septal portions 
of left ventricle 

Died, autopsy 

140/ 94 
126/ 90 
126/ 80 
78/ 60 
88/ 68 
88/ 72 
80/ ? 

Posterior (cce ) 

Died, no 
autopsy 

110/ SO 
130/ 84 

Posterior (ecg ) 

Improved 

92/ 76 
100/ 80 
88/ ? 
118/ 90 
112/ 80 
108/ 80 
86/ 56 
108/ 80 

Posterior basal, 
anterolateral, and 
anterior portions 
of left ventricle 

Died, autopsy 

84/ 58 
106/ 64 
90/ 62 

Posterior (ecg ) 

Improved 

178/114 

172/110 

Posterior basal 
portion of left 
ventricle and septum 

Died, autopsy 

132/ DO 

156/ 94 

Posterior (ecg ) 

Improved, does 
light work 

86/ 66 
86/ 00 

Posterior (ecg ) 

Improved 

126/ 96 
120/ 80 

Equivocal (ecg ) 

Improved 

192/110 

Anterior, posterior 
apical and septal 
portions of left 
ventricle 

Died, autopsy 

120/ 08 

Posterior, basal, 
septal and both 
papillary muscle 
portions of left 
ventricle 

Died, autopsy 

164/120 

Posterior (ecg ) 

Improved 

160/100 
110/ 80 
140/ 94 
120/ 80 

Posteiior basal 
and anterior apical 
portions of loft 
ventricle 

Died, autopsy 

128/ 82 
142/ 96 

Equivocal (ecg ) 

Improved 

120/ 90 
110/ 80 
120/100 
194/104 
190/140 
200/114 
186/110 
170/ 80 

Anterior apical 
portion of left 
ventricle 

Posterior (ecg ) 

Died, autopsy 

Improved 

140/110 

170/112 

Anterolateral 
portion of right 
ventricle near base 

Died, autopsy 
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of the light ventricle (T^ type of Parkinson and Bedfoid,” QiT^ type 
of Wilson and his associates “ due to thrombosis along the left coronary 
system) By posterior infarction is meant a lesion of the posterior and 
basal portion of the left ventricle, which often also involves the pos- 
terior two thirds of the interventi icular septum and the adjacent pos- 
terioi portion of the right ventricle (Tg type of Parkinson and Bedford, 
Q 3 T 3 type of Wilson,® usually due to thrombosis along the right 
coronal y system) The electrocardiographic criteria seemed adequate 
for such general localization in thirty-one of the forty cases that did 
not come to postmortem examination 


VENOUS PRESSURE 

The ■venous pressure was measured in all the patients In most 
instances, repeated measurements were earned out, and in some the 
opportunity was afforded of studying the venous pressuie during subse- 
quent admissions 

Table 2 — Venous Ptcssuic in Myocardial Infarction 


Previous Infarction or 
Initial Infarction Severe Heart Pailure 
■» ‘ 


V’'enous Pressure, Cm of Blood 

Oases 

Deaths 

Cases 

Deaths 

Less than 4 

8 

0 

11 

3 

4 to 8 

5 

0 

10 

0 

More than 8 

3 

2 

10 

13 • 


As IS seen in table 1, the v^enous pressure m myocardial infarction 
varies from subnormal levels to as high as 26 cm It will be shown 
later tliat in the last analysis the height of the venous pressure in myo- 
cardial infarction is determined by whether shock 01 heart failure is 
predominant in the particular case Earlv in the investigation it became 
evident that the previous functional capacity of the heart is one of the 
main factors determining which of these is predominant The v^enous 
pressure was most often subnormal in what may'’ be termed initial mjo- 
cardial infarction, i e , cases which do not present a history of ante- 
cedent inyocardial infarction and in which the patient has not previously 
been incapacitated by heart failure, although theie may have been 
anginal pains or dyspnea on exertion as manifestations of the under- 
lying coronary aiteriosclerosis On the other hand, venous pressure 
was most often elev'ated or normal in my'ocardial infarction affecting 
persons who had previous similar episodes or who were suffering from 
severe heart failure piior to the present attack This is illustiated in 
table 2 , which shows the venous pressuie on the first measurement in 
our fifty-nine patients 

9 Parkinson, J , and Bedford, D E Successive Changes in the Electro- 
cardiogram After Cardiac Infarction (Coronary Thrombosis), Heart 14 195, 1928 
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In hntial Myocaidtal Infaictton — The venous pressure was sub- 
noinial in eight of the sixteen patients with initial myocaidial infarction 
In only three was it above the upper limit of noimal It is significant 
that in each of these thiee patients with high venous pressure in initial 
infarction, the intei ventricular septum was involved In case 12, per- 
foration of the septum had occuired, in case 7 , complete heart block 
developed, and in case 4, septal involvement was revealed by prolonga- 
tion of the auriculoventnculai conduction time to 0 27 second 

Comparison of the venous pressure with the other clinical findings 
revealed that, as might be anticipated, low venous pressure is encoun- 
tered especially in patients who piesent the clinical picture of shock 
Venous hypotension is piedommantly a feature of the early phases of 
myocardial infarction In most cases, as the othei manifestations of 
shock clear up, the veins can be seen to fill, and the piessure within 
rises to normal or elevated levels This is the usual sequence of events 
in initial myocardial infaiction that pursues a favorable course, and may 
be illusti ated by a typical case 

Case 22 — h. man of 48 years was admitted, with the history of suffering 
from precordial pain and dyspnea on exertion for about a year On the morning 
of the day of admission, while at work he was suddenly seized with an extremely 
severe pain in the left side of the chest anteriorly and posteriorly which radiated 
to the left axilla and shoulder The pain continued for several hours, with 
accompanying weakness, chilliness, sweating and a sense of impending death 

On admission, the patient was able to lie flat in bed He was cyanotic, but 
not notably dyspneic, breathing eighteen times per minute While the superficial 
veins of the neck and upper extremities could be seen, they were collapsed, and 
did not fill out when strong pressure was exerted on the right upper quadrant 
The temperature was 98 F , but soon rose to 101 F Gallop rhythm was audible at 
the apex Neither basal second sound was accentuated, that at the pulmonic area 
being weaker than that at the aortic area A few fine rales were audible at the 
left base posteriorly The electrocardiogram revealed evidence of recent infarc- 
tion of the posterior portion of the left ventricle The RT interval was elevated 
above the base-line in the third lead and slightly in the second lead, the T wave 
was inverted in the second and third leads and there was a large, broad Q wave 
m the second and third leads Circulatory measurements were arterial pressure, 
98 systolic and 70 diastolic , venous pressure, 3 cm of blood , circulation time, 19 5 
seconds 

The patient improved steadily, the manifestations of shock disappearing m a 
few days Two days after admission, the venous pressure was 4 5 cm Twelve 
days after admission, the circulatory measurements were arterial pressure, 120 
systolic and 90 diastolic , venous pressure, 9 5 cm of blood , circulation time, 13 5 
seconds, volume of circulating blood, 94 cc per kilogram of body weight 

At this time, it could be seen that the cervical veins were much better filled 
than on admission, and swelled furtlier during pressure on the right upper quadrant 
Reference to the figures cited shows that as the patient came out of shock the 
venous pressure mounted parallel to a rise in arterial pressure and an acceleration 
in the velocity of blood flow Indeed, the venous pressure of 9 5 cm is some- 
what above normal, and is indicative of myocardial weakness due to the infarction 
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It IS a common sequence of events to find the venous pressure low, 
under 4 cm , when the patient enters the hospital m the early stages of 
mfaiction with the clinical picture of shock, and then as the shock passes 
away to observe that with the appearance of such manifestations of 
heart failure as oithopnea or swelling of the liver, the venous pressure 
uses to levels above the normal 

However, there aie also instances of myocaidial infarction in which 
venous hypotension persists foi weeks In such patients, there is also 
persistence of other manifestations of shock Usually, but not invariably, 
the precordial pain and its ladiations continue at least intermit- 
tently throughout this stage, and fever, leukocytosis and the electro- 
cardiographic findings testify to the parallel prolongation of the myo- 
cardial necrosis This course of events was well illustrated in case 10 

In Patients ivitli Picvious Infajction oi Heait Foilwc — The effect 
of myocardial infarction on venous pressure is usually quite different in 
patients vho have had pieMOus episodes of myocaidial infarction or 
who are already incapacitated b}'^ se\ere heart failure due to the under- 
lying coronar}-^ aiteiioscleiosis In them, fresh infarction is more often 
documented hy high than by low venous pressuie Of forty-three such 
patients, eleven had subnoimal venous pressure, while in sixteen the 
venous pressure was above the upper limit of normal The cases with 
low venous pressure were those in which the clinical picture was 
entirely dominated by shock On the othei hand, the more frequent 
cases vith normal or high ^enous pressure presented predominantly the 
symptoms and signs of heait failure Venous hypertension is especially 
apt to develop in patients who have had severe episodes of infarction, 
even though these antecedent infarctions were marked by subnormal 
venous pressure In such cases, fresh coronary thrombosis with myo- 
cardial infarction may be documented by a rise in venous pressure to 
20 cm (cases IS and 20) 

Two circumstances aie especially apt to be accomi^anied b}’’ high 
venous pressuie 

(a) The first is extensne implication of the septum by the infarct 
The postmortem examination in our cases with venous pressure of 20 
cm or highei revealed extensive infarction of the septum The three 
cases in which initial infarction vas accompaned by high venous 
pressure were all instances of septal infarction However, even massive 
infarction of the septum is not invariably manifested by a rise in venous 
pressure In several of our cases infarction of the septum was accom- 
panied by low venous tension , the depressing effect of the shock on the 
venous pressure outweighed that of the cardiac weakness 

(b) The second circumstance causing rise in venous pressure is 
certain disturbances in rh34hm resulting from infarction, notably auricular 
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fibrillation, nodal rhythm, heait block or ventricular tachycardia AH 
these were exemplified m our series But it should be borne in mind 
that these arrhythmias, except perhaps ventricular tachycardia, are 
especially apt to occur on the basis of septal infarction, which is per se 
apt to raise the venous pressure But the arrhythmia will tend to elevate 
the venous tension to the extent that it impaiis the functional capacity 
of the light side of the heart 

However, the depressing effect of such changes m rhythm on the 
functional capacity of the heart does not always suffice to overcome the 
effect of the shock, which is generally pronounced in these cases, and we 
have encountered low venous pressure during ventricular tachycardia 
due to myocaidial infarction 

CIRCULATION TIME 

The circulation time was measured m thirty-eight patients, in most 
on repeated occasions The initial measurements afforded the results 
shown in table three 


Table 3 — Ciiculation Time in Myocaidial Infaiction 


Circulation Time, Seconds 

Cases 

Deaths 

Less than 16% (normal) 

9 

1 

17 to 19% 

G 

0 

20 to 29% 

9 

2 

30 to 39% 

S 

5 

40 or more 

6 

4 


From the figuies given in table 3 it is evident that in myocardial 
infarction the circulation time as estimated by the gluside method varies 
in diffeient cases from normal values to very slow ones How marked 
a retardation of the blood flow is represented by the slower rates given 
in the table will be clear if it is called to mind that a circulation time of 
forty seconds is about triple the mean noimal 

There is no strict parallelism between the circulation time as 
estimated by the gluside method and the seventy of the clinical picture 
of myocardial infarction Despite severe and protracted pain, fever, 
leukocytosis, pericardial rub, gallop rhythm and the charactei istic elec- 
trocardiographic changes of acute myocardial infarction, there may be 
comparatively little slowing of the blood flow as measured by the gluside 
method Particularly significant is the fact that the patient may present 
the classic picture of shock and yet the circulation time by the gluside 
method leveals but slight, if any, slowing of the velocity of blood flow 
through the lungs This is well illustrated in one of oui cases 

Case 5 —A man of 48 years was admitted because of constricting substernal 
pain of two days’ duration After several hours, a fever of 102 F developed 
an he had chilly sensations On admission, the patient’s face had a grayish 
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pallor, while the lips and finger-nail beds were cyanotic, the hands and feet felt 
cold despite a rectal temperature of 102 F, and the skin was moist He lay flat 
on one pillow without orthopnea or apparent dyspnea, breathing only twenty times 
per minute The heart rate was 86, and a presystohc gallop rhythm was heard 
Phjsical examination of the lungs revealed no abnormalities The electrocardio- 
gram revealed very low voltage, inversion of Ti and Ti, and a slight elevation of 
the R T mterv'al in the second lead Circulatory measurements were arterial 
pressure, 96 sv stolic and 54 diastolic , venous pressure, 2 5 cm of blood , circulation 
time, twenty-one seconds, and volume of the circulating blood, 56 cc per kilogram 
of body weight 

The patient thus presented the classic picture of circulatory shock due to myo- 
cardial infarction, with low venous and arterial pressures and subnormal volume 
of the circulating blood That the arterial pressure was depressed was proved 
by the fact that ten months later it was 140 systolic and 80 diastolic Neverthe- 
less, despite all the evidence of sev'ere impairment of the peripheral circulation, 
the circulation time as measured by the gluside method was onlv twentv-one sec- 
onds, representing a retardation of but slight degree 

A number of similar obseivations have revealed that in most instances 
m which the clinical pictuie of myocardial infarction is dominated by the 
phenomena of shock, the circulation time as estimated by the gluside 
method is hut little prolonged Indeed, m case 9, the cnculation time was 
well within the limits of normal Relatively slight piolongation of the 
cnculation time occurs especially when the infaiction is the first from 
which the patient has suffeied and has not been preceded by a peiiod of 
m3ocardial insufficienc) due to arteriosclerotic disease of the heart The 
explanation of the seeming incongiuity between the onh shghtlv 
retarded time as measured by gluside and the clinical picture of obvious 
and severe circulatory failuie lies m the nature of the latter and of the 
method It was mentioned previousl) that the gluside method (as w'ell 
as othei clinical methods foi deteiminmg circulation time) is laigelv 
a measure of the pulmonaiy cnculation time, i e , of the velocitv of blood 
flow through the lungs In shock, as will be discussed latei, the distur- 
bance of blood flow IS laigely or exclusn^ely in the pei iphery of the greater 
circulation, and it is this primarily peripheial disturbance that produces 
the coldness and cvanosis of the extremities and the low venous pressure 
The compai ativ ely slight prolongation of the time as estimated bv the 
gluside method demonstrates the important fact that in cases of mv’^o- 
caidial infarction with the clinical picture of shock, the peripheral cir- 
culatory disturbance is accompanied b^ little oi no slowing of the blood 
flow through the lungs 

On the other hand the circulation time as estimated by the gluside 
method is prolonged in cases of mvocardial infaiction which present 
such symptoms of heart failuie as orthopnea, engoigement of the v'^eins 
and sw^elling of the livei Cnculation time as slow as thirt}^ or forty 
seconds, or even moie, is common (tables 1 and 3) Piolongation of the 
cnculation time is apt to be especialR maiked wdien the infarction has 
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been preceded by a peiiod of cardiac insufficiency due to coronaiy 
arteriosclerosis, and often also hypertension These patients generally 
have large hearts, testif 3 ang to the antecedent stage of heart failure 
Examination also reveals evidence of pulmonary engorgement, and the 
prolongation of the circulation time is doubtless to be attributed almost 
entirely to the sloiving of the blood flow thiough the lungs 

VOLUME OF CIRCULATING BLOOD 

The volume of the circulating blood was determined m twenty-nine 
of the patients, m some on two occasions Table 4 shows the results 
of the first measurements 

The fact that the volume of circulating blood varies within such wide 
limits in both directions — the lowest reading 49 cc and the highest 127 
cc pel kilogram of body weight — indicates that opposing influences come 
to play on this circulatory vaiiable m myocardial infaiction One factor 
that we have been unable to gage is that of abnormality of the volume 


Table 4 — Volume of Cuculating Blood in Myocai dial Infaiction 


Volume of Circulating Blood, 

00 of Blood / Eg Body Weight 

Cases 

Deaths 

Less than 70 

4 

1 

70 to 95 (normal) 

11 

5 

More than 95 

14 

7 


of the circulating blood piior to the infarction In some instances of 
essential hypertension and of pulmonary emphysema, the volume is 
increased As many of our patients had essential hypertension and some 
were moderately emphysematous, this factor must be taken into con- 
sideration in interpreting the volume of blood in rapid circulation Myo- 
cai dial infarction is not uncommon in polycythemia vera, but theie was 
no evidence that any of our cases were of this variety 

Comparison of the volume of circulating blood with the rest of the 
clinical picture in myocardial infarction indicates that two opposing influ- 
ences are of prime significance in determining the volume of blood in 
rapid circulation 

1 One of these is the pi esence of shock, which tends to be associated 
With a low volume of ciiculating blood In initial attacks of m 3 mcaidial 
infarction, in which the clinical picture is predominantly that of shock, 
the volume is subnoimal or at the lower limit of the normal lange As 
the patient recovers fiom the shock, the volume rises This was well 
illustrated in case 14 When the patient first entered the hospital in 
t 3 Tical shock due to myocai dial infarction, the volume of ciiculatmg 
lood was only 49 cc per kilogram ten days later, when the manifesta- 

lons of shock had laigely cleaied up, the volume of circulating blood 
had risen to 73 cc 
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2 In cases m which the picture is piedominantly that of cardiac 
failure, the volume of cii dilating blood tends to be high It is known 
that elevation in the volume is common in heart failure, being perhaps 
a compensatory mechanism In accord with this, we found that a very 
high volume of circulating blood ( 127 cc per kilogram m case 49 and 120 
cc m cases 57 and 58) occurred m patients who had had a piotracted 
period of marked cardiac insufficiency prior to the infarction Pre- 
sumably, in such patients the elevation in volume persists and is even 
augmented after the acute phase of the myocardial infarction has been 
survived, if, as is usually the case, the heart continues to be inadequate 
This we found to be true m several of our patients 

It IS of special mteiest that in patients with antecedent heait failure, 
as well as in others with essential hypertension, infarction ma} he 
accompanied b}’’ an abnoimally high volume of circulating blood, 
although the clinical features are those of shock In such patients 
the venous pressure ma} be low despite the high \olume (cases 49 and 
33) These observations show that a subnormal volume of cii dilating 
blood IS not an invaiiable characteristic of shock m myocardial 
infarction 

ARTERIAL PRESSURE 

It has long been known that mvocardial infarction most often lesults 
m a sharp drop in both systolic and diastolic piessuie Indeed, this is 
so charactei istic that when a sudden fall in blood pressure accompanies 
the onset of circulatory failure in an arteriosclerotic or h}pertensive 
person, the first suspicion entertained is that m)Ocaidial infarction has 
occurred 

The depressor eftect of m 3 0 cardial mfaiction was of couise evident 
m our senes Plovvevei, theie are exceptional cases in which even 
elevated blood piessure remains at the previous level despite m}Ocardial 
infarction with otheiwise characteristic clinical featuies 

Two mechanisms come into consideration as primarv pathogenetic 
factors in the drop in blood piessure accompan}ing mvocaidial infaic- 
tion (1) heart failure, i e , decrease in the output of the left ventricle 
resulting from cardiac weakness and occuinng despite adequate venous 
return to the heart, and (2) the peripheral cii dilator} failuie of shock 
with consequent diminution in the venous return to the heait 

Comparison of the arterial pressure with the rest of the clinical pic- 
ture indicates that the second of these mechanisms is generally the more 
important m causing the fall in arterial tension In the instances of 
myocaidial infarction m which the clinical featuies are predominantly 
those of cardiac insufficiency with intense pulmonaiy engoigement, the 
blood pressure tends to be maintained at a level lelatively close to that 
prevailing prior to the infaiction Indeed, as has so often been observed 
by others under diflreient circumstances, the blood pressure may actuallv 
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rise for a time when failure of the left ventricle is severe enough to 
produce outspoken pulmonary edema Presumably, this is largely a 
consequence of asphyxia, being accompanied by intense cyanosis and 
dyspnea 

On the other hand, the fall in blood piessuie is usually pronounced 
in the episodes of myocardial infarction which are marked by shock and 
m which the low venous pressure testifies to the deficient venous return 
to the heart In such patients, the arterial pressure tends to rise as 
the other manifestations of shock clear up However, as is well known, 
the blood pressure often remains permanently at a lower level than 
before the infarction This is presumably due to a persistence of at 
least part of the cardiac element in the depression of the blood pressure, 
and is especially apt to occur in cases in which aneurysm of the ventricle 
develops 

It seems, indeed, that the concomitant presence of shock explains 
the aforementioned fact that the arterial pressure m many instances of 
myocardial infarction falls much more than in cardiac insufficiency of 
other causation When the heart fails m valvular disease, for example, 
the only factor tending to depress the arterial pressure is the dimin- 
ished output of the heart But physiologic experiments (Tigerstedt 
show that the arterial pressure is maintained at its previous level by 
means of peripheral vasoconstriction despite even considerable decrease in 
the minute volume of the heart Apparently such a regulatory mechanism 
functions when the cardiac output is diminished m valvular disease, for 
the blood pressure rarely falls to any considerable extent, if at all, even 
though dyspnea, venous and hepatic engorgement and edema evince the 
insufficiency of the heart But the situation is different in myocardial 
infarction with shock Here, the damage to the heart is accompanied by 
a functional disturbance in the peripheral circulation, which interferes 
with regulatoiy vasoconstriction Moi cover, the peripheral circulatory 
failure results in diminution in the venous leturn to the heart, as 
revealed by the empty peripheral veins and low venous pressure which is 
so characteristic of the condition This diminution m venous return to 
the heart must result in a corresponding decrease m the cardiac output 
which. 111 the absence of peripheial vasoconstriction, depresses the 
arterial pressuie 

PERIPHERAL CIRCULATORY FAILURE (sHOCK) 

In all our cases of massive myocardial infarction, shock has been at 
least a significant and often the outstanding feature of the clinical pic- 
ture The word “shock"' is used in the familiar, strictly clinical sense. 
The circulatory manifestations of severe shock in myocardial infarction 

10 Tigerstedt, R Physiologic des Kreislaufes, ed 2, Berlin, W de Gruvter 
& Co, 1922, vol 3, p 96 
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are, briefly, the following grayish acrocyanosis, often accompanied by 
mottling of the skin (cutis maimorata) of other parts, notably the 
abdomen, extremities which are cold in comparison to the rectal tem- 
peiature, although the actual temperature may not seem low if there is 
fever, moist skin which geneially feels clammy because of the relatively 
low tempeiature at the surface, superficial respiration which may or 
may not be rapid, but no orthopnea, collapsed superficial veins, and a 
pulse which is most often rapid, small and of low tension 

Obviously, this picture is fundamentally identical with the shock 
which is common following trauma, hemorrhage or the perforation of a 
viscus It IS also akin to the circulatory collapse of diabetic coma, the 
crises of Addison’s disease and those of various infections, and as such 
IS to be classified as belonging to what Atchley aptly termed “medical 
shock ” 

It IS characteristic of the circulatory failuie of shock that it results 
from disturbances initiated in the peiiphery of the circulation and not 
primarily as a consequence of cardiac insufficiency The nature of the 
underlying peripheial circulatory disturbances is largely obscure, and 
doubtless varies in different forms of shock However, they have as a 
common consequence, as has long been maintained by Yandell Hender- 
son,^® a diminution in the venous return to the heart This is so char- 
acteristic, and so diametrically opposed to the venous engorgement of 
heart failuie, that the demonstration of a diminution in venous retuin 
to the heart can be taken as adequate evidence that a given instance of 
ciiculatoiy failure is of peripheral oiigin and not due to insufficiency 
of the heart 

In the patients with myocaidial infarction piesentmg the clinical 
pictuie just described, the existence of peripheral circulatory failure with 
deficient venous return to the heart is immediately indicated by obsei- 
Aation of the superficial veins of the extiemities and neck These appear 
collapsed and fill slowly when compressed oi when the hand is lowered 
below the level of the heait When venesection is attempted the blood 
diips slowly fiom even a laige needle, and to remove any considerable 
quantity of blood takes a long time More precise information is 
afforded by the diiect measurements of venous pressure, described 
earlier, which show that the venous pressure is subnormal This is all 
the more significant because it is present despite a severe lesion of the 
heart which of itself would tend to raise the venous pressure We have 
also observed that pressure on the right upper quadrant, which immedi- 
ately laises the venous pressure in persons with cardiac insufficiency, 

11 Atchley, D Medical Shock, J A M A 95 385 (Aug 9) 1930 

12 Henderson, Y Volume of Circulation and Its Regulation bv Venopressor 
Mechanism, J A M A 97 1265 (Oct 31) 1931 
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has no such effect in patients with myocaidial infarction and low venous 
piessure— a further indication of the poor filling of the large veins 

The observations made furnish no unequivocal evidence regarding 
the causation of the low venous pressure in myocardial infarction The 
problem is leally only one aspect of the fundamental question of the 
origin of circulatory shock in general, which is still suh judtce Investi- 
gations of recent years (Atchley have shown that diminution in the 
volume of circulating blood is an impoitant factor in many forms of 
shock, and that therapeutic measures which increase the volume often 
have a salutary influence on shock The measurements described earlier 
show that in myocardial infarction the volume of circulating blood tends 
to be lowered, and in some of the cases is much below normal How- 
ever, it was also mentioned that in other cases with the typical pictuie 
of shock, including low venous pressure, the volume is noimal or above 
normal It seems probable that in these patients, as a result of cardiac 
failure or in correlation with hypertension, the volume of circulating 
blood was even higher piior to the infarction The possibility, therefore, 
must be borne in mind that in such cases there may be a relative decrease 
m the volume of circulating blood below that to which the capacity of 
the vessels has become adjusted The mechanism of the fall m the 
volume of circulating blood remains to be elucidated We found 
no constant abnormality in the hematocrit reading or m the red blood 
cell count, which shows that extravasation of the plasma, so impoitant 
in other foims of shock, plays no considerable part m that of myocardial 
infarction It is therefore to be presumed that the diminution in the 
volume of circulating blood is due to a redistribution of the blood, 
whereby a smallei fraction of the total volume of blood in the body 
remains in active ciiculation and a laiger fraction is stagnated in dilated 
capillaiies and perhaps within the blood depots, originally desciibed by 
Bai croft, where it is not leached by the dye injected and contributes 
little to the venous return to the heart 

How myocaidial infarction leads to the disturbances in the periph- 
eral circulation, one of the manifestations of which is a decrease in the 
volume of the circulating blood, is another question to which we are unable 
to give an adequate answei A chemical mechanism, with liberation from 
the necrotic heait muscle of substances with histamine-hke action, seems 
impiobable, because the shock and low venous pressure may set in within 
a short period after the onset of the first symptoms, before actual 
necrosis could be considerable A nervous mechanism would seem much 
moie likely That reflexes actually affect the peripheral ciiculation m 

13 Barcroft, J , and others Observations upon the Effect of Altitude on 

Si 3Sr Processes of the Human Body, Tr Roy Soc , London, s B 

14 This footnote was deleted by the author 
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coronary occlusion was indicated by Condorelli/® who found that occlu- 
sion of the left coronary artery of a dog is followed immediately by a 
considerable fall in the aortic pressure, which rises as soon as the 
coronal y clamp is released, but if he cut the vagus and sympathetic 
nerves on both sides, subsequent occlusion of the left coronary arter}'- 
caused no notable depression of the aortic pressure until ventriculai 
fibrillation set in How such reflexes afifectmg the peripheral circula- 
tion are initiated m myocardial infarction is unknown It is not the 
anginal pain that set the mechanism in operation, foi shock may be 
severe in myocardial infarction in the absence of pain Indeed, Lib- 
man found that shock is apt to be especially pronounced when myo- 
cardial infarction affects hyposensitue persons who do not complain of 
pain 

HEART FAILURE IN MYOCARDIAL INFARCTION 

In other patients with myocaidial infarction, usually those with a his- 
toiy of severe heart failure or prior infarctions, the symptoms are 
largely those of caidiac insufficiency Evidence of failure of the left 
ventricle with pulmonaiy engorgement is always present, sometimes 
alone and sometimes combined with insufficiency of the right side of the 
heart, as manifested by a i ise in the venous pressure and swelling of the 
Iner Peripheial edema, however, is unusual, it was present m but five 
of our fifty-nine cases The circumstances undei which failure of the 
right side of the heait was obseived have already been discussed in 
conjunction with high venous piessure In the cases showing the clinical 
picture of heait failure, the circulation time was prolonged and the 
Aolume of circulating blood increased 

Isolated failure of the left side of the heart is not infrequent in 
mjocardial infarction Most often, it is due to anterior infarction of 
the heart consequent on thiombosis of a branch of the left coronary 
aitery Howevei, it may also result from posterior infarction in right 
coionary occlusion The outstanding circulatory symptoms are dyspnea 
and orthopnea with evidence of pulmonary engorgement and accentua- 
tion of the second sound at the pulmonic aiea The venous pressure 
is not elevated, and the hvei is not enlarged The pulmonary circula- 
tion time IS prolonged, usually strikingly so Episodes of paroxysmal 
noctuinal dyspnea aie common We have seen such banal symptoms 
of failure of the left ^entrlcle in hypertensive and arteriosclerotic sub- 
jects, in whom only the electrocardiogram revealed that recent infarc- 
tion w as 1 esponsible The extreme form of failure of the left ventricle 

15 Condorelh, L Die Ernahrung des Herzens und die Folgen ihrer Storung,. 
Dresden, Theodor Stemkopff, 1932, p 67 

16 Libman, E Studies in Pain, Tr A Am Physicians 34 52, 1929 
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in myocardial infaiction is that in which massive pulmonaiy edema 
develops, which may lead to quick death 

Pletiiew,^'’' Kohan and Budm^® and otheis thought that they were 
able to infei the site of coionary thrombosis from the type of heart 
failuie present They leported observations indicating that thiombosis 
of the left coioiiaiy aiteiy vuth aiiteiior infarction lesults m failure 
of the left ventiicle with pulmonaiy engorgement and enlaigement of 
the heart to the left On the other hand, they found that thiombosis of 
the light coionaiy aiteiy with posterior infaiction is charactei ized by 
failuie of the light side of the heart, with swelling of the veins and 
hvei and enlaigement of the lieait to the light We have not found such 
a difteientiation feasible Oui necropsy obseivations levealed that 
either aiiterioi oi posterior infarction can cause isolated failure of the 
left ventiicle or combined insufficiency of the left and right ventricle 
Mith engoigement of both the lungs and the systemic veins And when 
shock dominates, the venous pressuie is low m thrombosis of the light 
as well as ot the left coronary artery Because of these observations, 
it has not seemed that the t 5 ''pe of ciiculatory failure present peimits, of 
itself, the difteientiation between right and left coronary occlusion 
Howevei, Libman^'’ found that when the liver becomes greatly enlarged 
within a few hours after the onset of myocardial infarction, the light 
coionaiy aiteiy is the one affected 

In those of our patients with severe failure of the right side of the 
heart and high venous pressure who came to necropsy, extensive infarc- 
tion of the inter venti icular septum was present Such septal infarction 
may be due to thrombosis of either the right or the left coronary artery. 
Whether high venous pressuie m coionary thrombosis is always due to 
septal infaiction must be studied on more extensive material However, 
it must be emphasized that even with extensive septal infarction the 
venous pressure in coronary thiombosis is low if shock dominates, the 
clinical picture 

INTERRELATIONS OF SHOCK AND HEART FAILURE 

The foregoing observations indicate that in myocardial infarction two 
distinct mechanisms operate to derange the circulation (1) cardiac 
insufficienc}^, which tends to produce engoigement and a rise in pressure 
m the pulmonaiy ciicuit and in the systemic veins, and (2) shock, which 

17 Pletnew, D Zur Frage der mtravJtalen Difterentialdiagnose der rechten 
und linken Coronarthrombose des Herzens, Ztschr f klm Med 102 295, 1925 

18 Kohan, B A , and Budin, E I Zur Frage der Differentialdiagnose der 
rechten und der hnken Koronarartene des Herzens am Lebenden, Ztschr f Kreis- 
laufforsch 20 199 (April 1) 1928 

19 Libman, E Some Observations on Thrombosis of the Coronary Arteries, 
Tr A Am Physicians 34 138, 1919 
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diminishes the venous leturn to the heait and theieby tends to deplete 
and lower the pressure in the pulmonary circuit and gieat veins 

As regards the minute volume of the heart, both these derangements 
are synergistic, each tending to dimmish the cardiac output On the 
other hand, the two derangements are antagonistic in their eftect on the 
venous pressure, heart failure tending to raise it and shock to lower it 
The observation of the veins and the measurement of the venous pres- 
sure thus furnish a valuable index of the relative significance of shock 
and of caidiac insufficiency m producing circulatoiy failuie in a patient 
with m3'^ocardial infarction That this is a point with impoitant thera- 
peutic implications is evident 

As indicated in the section on venous pressuie, the clinical pictuie of 
initial myocardial infarction is most often predommantl} that of shock 
Indeed, symptoms of heait failure may be entirely lacking despite clin- 
ical and electrocaidiogiaphic evidence of extensive infaiction The 
explanation of this lemarkable phenomenon vould seem to be that the 
presence of shock militates against the development of heart failure 
through the following mechanisms 

1 Symptoms of heait failuie appeal when the voik which the heart 
is called on to perfoim exceeds the functional capacity of a chamber, 
so that it fails to empty as completely as before, and engorgement 
develops up-stieam to the insufficient chamber The work of the heait 
IS a function of the volume of blood it is called on to pump (i e , the 
venous retuin) and the resistance against which the blood has to be 
pumped (i e, the pulmonary and aortic arteiial pressures) In shock, 
both these factois are subnormal, for the \enous return to the heart is 
decreased and the arterial piessure is depressed 

2 The decrease in the work of the heart due to shock in m}ocaidial 
infarction may be so gieat that even the seveiely damaged heart is able 
to pump the smaller volume of blood that leturns to it against the lou- 
eied aoitic pressure In such cases the cii dilatory status is that of 
shock, and evidence of heart failure is absent In other instances, on 
the contrary, the diminution in the \vork of the heart is not sufficient to 
bring it within the functional capacity of the mfarcted organ In this 
event, oithopnea, signs of pulmonar)’- engoigement, high venous pres- 
sure, swelling of the liver oi other signs of heait failure develop But 
even in such instances, the concomitant piesence of primarily peripheral 
disturbances m circulation is often indicated by such manifestations as 
coldness and cyanosis of the hands dispropoitionate to the other evi- 
dences of heait failure, moistuie of the skin and cutis maimorata 

A not uncommon sequence of events is the following In the fiist 
da)’’s after the infaiction, the clinical pictuie is that of shock with low 
venous pressure Subsequently, most often between the second and 
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tenth days, the shock cleats up and evidences of heait failuie appear in 
the foim of oithopnea and signs of ptilmonaiy engorgement, with an 
accompanying use in venous pressuie It is at this peiiod that evidences 
of bronchopneumonia most often appear, they aie perhaps coi related 
with the increasing pulmonaiy engorgement as the venous leturn to 
the heait increases before the left ventricle has recupeiated sufficiently 
to master it 

In a real sense, then, shock operates as a piotective mechanism for 
the heait in myocardial infarction Of couise, it is piotection bought at 
a high price, for some patients succumb with the typical manifestations 
of shock And the decreased cardiac output with low aortic pressure 
presumably lessens the coronal y flow, which may be concerned m the pro- 
duction of ventriculai fibrillation But m other cases it may be presumed 
that the heart would not be able to cany on its function were it not foi 
the decreased cardiac woik due to shock Moreover, the diminished 
work of the heart in shock must be accompanied by lower maximum 
intraventricular tension, and this may be an important leason why rup- 
ture of the heart occurs m only a small minoiity of instances of even 
extensive myocardial infarction It is piobably also the explanation of 
the fact that enlargement of the heart ovei its antecedent dimensions is 
most often not demonstrable in the first days of myocardial infarction 

In our cases of myocardial infarction, the immediate prognosis has 
been statistically much better when the clinical picture was that of shock 
with low venous pressure than when there was heart failure with high 
venous pressure Of nineteen patients with venous pressure below 4 
cm on admission, five died On the other hand, of nineteen patients 
who entered the hospital with venous pressure above normal, fifteen 
died Of course, this difference is probably largely correlated with the 
fact, brought out previously, that low venous piessure is more common 
m initial infarction, while high venous piessuie usually occurs in those 
with pievious severe functional impaiiment of the heart For the same 
reason, the prognosis is statistically much woise when the ciiculation 
time IS greatly retarded (table 3) 

THERAPY 

It IS not our purpose to discuss therapy However, it may be pointed 
out that in myocardial infarction with shock and low venous pressure, 
as the patient at the time is not suffeiing fiom cardiac insufficiency, 
there -would seem to be no indication for digitalis Presumably, the 
general ill-repute of digitalis in myocardial infarction originated m its 
lack of beneficial effect in such cases A/'enesection is also out of place, 
and IS rendered difficult by the low pressuie in the superficial veins On 
the other hand, venesection and digitalis may be of great service in cases 
in which there is heart failure with pulmonary and venous engorgement 
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The value of digitalis for such patients is often demonstrated objectively 
by the rapid fall in venous pressure to normal levels following digitali- 
zation However, it should be borne in mind that, at least theoretically, 
digitalis predisposes to certain dangers in myocardial infarction Notable 
among these are ventiicular fibi illation as a result of greater irritability 
of the heart muscle, ruptuie of the heart oi embolization of intraven- 
tricular thrombi in consequence of a more powei ful systole, and possible 
deleteiious effects of the coionary constriction as demonstrated by Gil- 
bert and Fenn Whether these dangeis are actual can be established 
only by observation of a larger series of cases In any event, it seems 
obvious that the type of ciiculatoiy failure present should be taken into 
account in the treatment of myocardial infarction 

SUMMARY 

Fifty-nine patients with lecent myocaidial infarction weie studied 
from the point of view of circulatory dynamics The venous pressure 
was measured in all, the circulation time in thirt} -eight and the volume 
of circulating blood in twent3^-nine of the subjects 

Two distinct mechanisms participate m the derangement of the cir- 
culation in myocardial infarction (cr) shock, or peripheral circulatory 
failure, which diminishes the venous leturn to the heart and tends to 
lower the piessure in the large sj'stemic veins, and {h) heart failure, 
which tends to engorge the pulmonary ciicuit in consequence of insuffi- 
ciency of the left side of the heart and to raise the systemic venous 
pressure in proportion to the insufficiency of the light side of the heart 
In initial myocardial infarction m persons without previous severe 
heart failure, the clinical picture is most often predominantly that of 
shock The venous pressure is then subnormal The blood flow through 
the lungs is slowed but little, if at all The volume of circulating blood 
tends to be diminished 

When infarction aftects patients YMth preMous heart failure, the 
manifestations of either shock or cardiac insufficienc}'^ may be pre- 
dominant When heart failure dominates, the venous pressure is ele- 
vated or normal, the flow of blood through the lungs is retarded, and the 
volume of circulating blood is increased 

The diminished venous return due to shock lessens the work of the 
heart and thus militates against the development of cardiac insufficiency 
It IS because of this diminution in the venous leturn to the heart that 
engorgement of the lungs and systemic veins may be absent despite 
extensive myocardial infarction 

20 Gilbert, N C , and Fenn, G K The Effect of Digitalis on Coronary 
Flow, Arch Int Med 50 668 (Nov ) 1932 
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The fall in arterial piessuie is due not only to the weakness of the 
left ventricle but also to the peiipheial circulatory failure of shock 
Apparently the latter is usuall}'- the more important of the two factors 
It IS because of the concomitant piesence of shock that a fall in the 
arterial pressure is so much moie prominent in myocardial infaiction 
than in othei lesions of the heart 

Statistically, the immediate prognosis of myocardial mfaiction is 
better with low than with high venous pressure 

The type of circulatory failuie present is of significance for the 
rational treatment of patients nith myocardial mfaiction 


News and Comment 


INTERNATIONAL CONGRESS OF GASTRO-ENTEROLOGY 

The First Congress of Gastro-Enterology will be held at Brussels, Belgium, 
Aug 8 to 10, 1935 The secretar\ -general of the Congress is Dr George Brohee, 
Rue de la Concorde, 64, Brussels Dr Max Einhorn, 20 East 63rd Street, New 
York, has been asked to form and to act as chairman of, the North American 
Committee, and Dr De Witt Stetten to serve as secretary of the committee 
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A Textbook of Bacteriology By Hans Zinsser, Professor of Bacteriology 
and Immunolog}', Harvard University Medical School, and Stanhope Bayne- 
Jones, Professor of Bacteriology, Yale University Medical School Price, §8 
Pp 1,226, with 174 illustrations New York D Appleton-Century Company, 
1934 

In 1910, Philip H Hiss Jr and Hans Zinsser published the first edition of 
their textbook of bacteriologj' As they stated, the book was primarily a treatise 
on the fundamental laws and technic of this science, it was written in the hope 
of meeting the bacteriologic needs of medical students and also to interest practi- 
tioners in a fascinating subject The book at once became recognized all over 
the world and soon earned a well deserved popularity, so that subsequent editions 
were published in 1914, 1916, 1918, 1922, 1927 and 1934 

The 1934 edition lives up to the standards of its predecessors It brings the 
subject matter up to date, it is easily readable, being written in delightfully clear 
and succinct English, and it is printed in type comfortable to the e>e and is well 
illustrated At the end of each chapter are a few' good references to the topics 
under discussion, thus prompting even the most casual student to further knowledge, 
and at the end of the book is an excellent index 

Bacteriology appears to be an cxtraordinarilj' alive subject The second edition 
of this textbook, published twenty years ago, described adequately current knowdedge 
of the subject A volume ncarl} twice as large is necessary to accomplish the same 
purpose today As one compares the second edition with the sev enth, one is struck 
with the pertinency of what the authors remark in their preface to the latest 
edition Certainly, the last few jears have been eventful ones in bacteriologj', 
and some of the new'cr knowledge has been revolutionary m its effect on old 
theories The book is so written as to take due cognizance of this It also lays 
more emphasis than heretofore on the diseases caused by Rickettsia and on the 
ultramicroscopic virus agents 

On the whole, this textbook deserves highest praise Without doubt, it will 
fulfil the purpose for which it was written and will prove useful to bacteriologists, 
physicians and all those who arc engaged in the investigation, management and 
prevention of infectious disease 

The Lyophilic Colloids (Their Theory and Practice) By Martin H 
Fischer and klarian O Flooker Price $4 50 Pp 246, with 84 illustrations 
Springfield, 111 Charles C Thomas, Publisher, 1933 

This volume is a resume of the work done bj these two capable scientists during 
the last ten years not only in developing their concept of the physical state of 
matter (protoplasm) but also in studving the phjsical and chemical laws which 
make this concept probable By studjing the phjsical and phj sicochemical prop- 
erties of such colloidal sj stems as phenol/vvater, qumohne/vvater and casein/water 
(to mention a few), they arrived at the conclusion that protoplasm itself is not a 
solution of protein and minerals in water, but that it is actually one of the inverse 
tjpe In other words, instead of being a dilute solution of “x” in water, it is a 
concentrated solution of water in “x,” and as such cannot possibly fit into the 
schemata proposed by the “dilute solution” chemists As a corollary to the axiom 
may be mentioned new and cxtremelj' interesting information regarding the dis- 
enfranchisement of the cell membrane and the osmotic theorj', as well as the 
proposal of new explanations for such phenomena as the absorption of water, 
edema, the relation of electrolv tes, protein and water in the cell, acidosis and 
alkalosis, and, finally, synthesis within the cell itself 
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The physician will be most interested m the third portion of the book, which 
deals witli biologic applications, but m order to attain properly the authors’ point 
of view It IS necessary to read carefully part one, which reveals the general nature 
of the bophihc colloid Part two, on chemical applications, will not prove of 
much interest to students of medical science 

The volume is clearly written, and the arguments are logically presented, but 
a more orderly arrangement of the many illustrations and graphs with reference 
to the context would not be amiss It might be added that the reader who has 
no previous knowledge of the colloidal state will probably find himself somewhat 
handicapped in attempting an intelligent and complete understanding of the work 

Traite de physiologic normale et pathologique Tome V Respiration 
Published under the direction of G H Roger and Leon Binet Price, 80 
francs, stitched, 100 francs, bound Pp 474, with 147 figures and 3 colored 
plates Pans Masson & Cie, 1934 

This volume is the fifth of a work of eleven volumes on normal and pathologic 
phisiology A general preface points out that a treatise of this sort, while 
emphasizing the value of facts in the development of the present position of a 
science, should also point out the imperfections and the unfinished nature of the 
knowledge 

The work purports, in spite of its size, to be merely elementary, treating only 
of what IS indispensable to a solid foundation of pathology 

The subdivisions of the subject “Respiration” have, as in the other volumes of 
the work, been written by various authors, as follows “The General Principles 
of Tissue Respiration,” by P Thomas , “The Histophysiology and Biochemistry 
of the Lungs, and Pulmonary Ventilation” (mechanics, pulmonary circulation, com- 
parative physiology and the pleura, by L Biiiet, a long and interesting chapter, 
“Gaseous Exchange,” by L Dautrebande, “The Internal Functions of the Lungs, 
Exclusive of Gaseous Exchange” (the influence on blood fat, cholesterol, lecithin, 
antitoxic action, coagulation of the blood, etc), also by L Binet, and a chapter 
“Basal kletabohsm” by H Hermann Another particularly interesting chapter is 
“The Nerious Control of Respiration,” by C Heymans, who is preeminently 
capable of discussing this matter Binet has also written a chapter “Abnormal 
Breathing” (asphyxia, mountain sickness, excess of oxygen, oxygen and carbon 
dioxide treatment of asphyxia, artificial respiration, drugs stimulating the respira- 
tory center and other phases of the subject) 

The work is a credit to the French and Belgian authors who have collaborated 
in producing this volume The foreign modern literature is well represented in the 
references 

Medecine et education By Drs G Mouriquand, M Pehu, P Bertoye, J 
Barbier, P Vignard, P Mazel and P D’Espiney, Father R P Charmot and 
Abbot J Monchanin Price, 15 francs, SO centimes Pp 224 Lyon 
Lavandier, 1934 

In Lyon a group of doctors, philosophers and biologists have evidently grouped 
together to study various complexities of human life The first volume of their 
publications dealt with matters pertaining to sex, the second with heredity and the 
third \Mth the importance of rhythm to life The fourth was entitled “Formes, 
vie et pensee” The present volume deals with education 

This volume is a compilation of essays bj’- the various authors of the book, 
Slowing in general that for the benefit of posterity the physician must play an 
increasingly important part in the process of education and must bring to bear 
the light of his special knowledge on the problems which perplex school teachers 
kach chapter is interestingly written, beginning with an introductory appeal to 
educators for the collaboration of physicians by Father Charmot and ending with 
a concluding chapter on the ideals of education by Abbot Monchanin The body 
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of the book is written b-\ a group of physicians who discuss such topics as the 
physical and mental development of children, conditional reflexes and their role 
m education, the importance of adequate physical education to mental development, 
sex education and methods of handling nervous children or children wuth antisocial 
tendencies 

The book is an unusual one and should prove stimulating to physicians in this 
country who are school physicians or who are concerned wuth the management of 
young patients On the wdiole, it is worth reading 

Die khmsche Rontgendiagnostik der inneren Erkrankungen By Dr 
Herbert Assmann Fifth edition Price, 87 marks Pp 1248 Berlin 
F C W Vogel, 1934 

Assmann’s book, which is familiar to cierj radiologist and internist, maj now^ 
be said to have become a classic, “monumental” is the only adjective which ade- 
quately describes this vast compendium The reviewer obvuously can single out 
only a few points for comment First, the general get-up — paper, printing and 
arrangement — is excellent and of a sort appropriate for a durable book, the work 
IS conveniently divided into two volumes Next should be mentioned the diagrams 
and reproductions of roentgenograms, more than 1,200 in number, illustrating everv 
phase of the subject Not only arc these illustrations well selected, but the technical 
reproduction is excellent The text, on the whole, is sound and is clearly written 
by one familiar with both the roentgenologic and clinical aspects of internal diseases 
Reports of individual cases of typical, rare and interesting conditions make it 
possible for the phjsician to orient himself on practicall} any problem which he 
may encounter That the revision is up to date is shown bj the inclusion of such 
topics as arteriographj The bibliographies appended to each section are com- 
prehensive, and there is an index A particularlv useful feature is the discussion 
of the normal roentgenologic appearances of the various organs — the heart, gastro- 
intestinal tract and others 

Clinical Miscellany The Mary Imogene Bassett Hospital, Cooperstown, 
N Y Volume I By several contributors Price, $3 Pp 206, with 15 
illustrations, 25 charts and graphs and index Springfield, 111 Charles C 
Thomas, Publisher, 1934 

Twenty-two articles b> eight members of the hospital staff on a “collection of 
selected clinical observations with interpretative comments” representing “an effort 
to activate fragments of experience” comprise the volume Each case is clearlv 
presented and has been thoroughl} studied Most commendable is the scientific 
curiosity evidenced in the “interpretative comments” 

With the literature so crowded and with such easj access to standard medical 
publications, one questions the advisabilitv of publishing such a collection, appar- 
ently the first of a series of which this i<; volume 1 The book is printed on 
good paper and is well bound, and the illustrations are excellent 

Handbook of Therapeutics Bj David Campbell Second edition Price, §475 
Pp 444, with 72 figures and 9 tables Baltimore, William Wood & Companv, 
1934 

This little book giv'es m fairlv adequate form the tieatment of internal disease 
Like all brief compendia it suffers in places from undue abbreviation, as well as 
from the inclusion of some material which is relativelj useless, such as brief 
remarks on climatotherapj , spas, etc The point of anew, on the whole, seems 
sound, with some glaring lapses, for example the suggestion that a few brief 
courses of therapy mterimttentlv given suflin. m the carlv stages of sjphihs 
A great many statements, such as the dietarj prescriptions for Bright’s disease, 
do not seem to rest on any rational basis On the whole, the book is satisfactory, 
but a reallj adequate brief outline of therapv remains to be written 
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